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THe COVER shows the linear electron ac- 
celerator under construction at Stanford Vol. 8, No. 6 
University. On completion, the machine 
is expected to be 200 ft long and to 
produce | -Bev electrons. The 80-ft sec- 
tion shown has already been operated to 
produce 1 80-Mev electrons. Each 10-ft 
section is powered by a klystron that 
delivers a peak of about 10 megowatts. 
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An Annual Nucleonics Meeting 


The scope of scientific research is continually broadening. This is true for 
the individual branches of science and for science as a whole. The best evi- 
dence of this growth is the number of scientific papers being published. In 
the past five years, for example, the annual number of pages which the Physical 
Review publishes has doubled. 

As each branch of science broadens, the work of the individual scientist gets 
narrower until the point is reached where workers in one branch lose touch 
with those in the others. Therefore, when something of common interest 
develops, the need is felt for a common medium of information exchange, 
whether it be via the written word or the spoken word. 

In the nucleonics field, there is such a common interest—radiation. It is 
being studied and used by physicists, chemists, biologists, engineers, etc. 
{mong other things, the physicist is interested in the nature of radiation, the 
chemist in chemical changes caused by radiation, the biologist in how radia- 
tion affects the blood, and the engineer in how an industrial process can be con- 
trolled by radiation. Because of this interrelationship, it quite frequently 
happens that information developed by one group will be of interest to another 

particularly in the case of such things as techniques and instrumentation. 

NUCLEONICS was set up to meet this need, to serve as a forum in print for 


ill people working with radiation. Now it appears a live forum is needed. 
merges 
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The best evidence of this is a random selection of papers which have been 
presented within recent months at meetings of a number of different societies: 
“On the Localization of Positron-Emitting Isotopes in the Human Bedy,”’ 
before the American Physical Society; ‘‘Techniques in the Preparation of 
tadioactive Glass Beads’’ (which are used for biological and medical pur- 
poses), before the American Chemical Society; ‘‘The Effects of Radiation on 
before the 
Advancement of Science; and “ Problems in the Establishment of Maximum 


Some Chemical Compounds,” American Association for the 
Permissible Radiation Exposure Levels,’ also before the AAAS. 

These papers and many others, presented at national and local meetings of 
a large number of societies, are of interest to more than just the membership 
of the particular society before which the paper is presented. For example, 
in the case of the first paper listed above, we were present when it was given 
and feel sure that both speaker and audience would have benefited if potential 
users (doctors) of the technique described had been present and had contri- 
buted to the discussion. Instead the audience consisted primarily of those 
interested in the physics of the method. 

The British, who are quite alert to the informational needs of their scientific 
community, have already indicated an awareness of the need mentioned here. 
They have just announced (see p. 47) what promises to be the largest inter- 


national conference on the beneficial uses of atomic energy which has yet been 
(Continued on page 58) 
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Random Notes 


e Questions most frequently asked of us 


script is received in our office it is imme- 


by prospective authors are: (1) In what 
form shall I submit a manuscript? and 
2?) What happens to a manuscript I 
submit after it reaches your office? 

The first question is easy to answer. 
In reply, we merely send the inquirer a 
four-page reprint which contains a list 
of detailed ‘Suggestions for Contribu- 
tors,’ along with a description of our 
editorial policies and scope. 
this reprint are available for the asking. 

The second question is not difficult to 
answer but it requires a bit more time and 
philosophizing. When a manu- 


Sonne 
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Copies of 


diately acknowledged. Then the decision 


is made as to whether or not the subject 
within our 


matter of the paper falls 


editorial scope. Many articles are re- 


jected at this point. 


If the subject matter is of interest, the 
manuscript is passed on to one of the 
staff. One 
made: (1) 


technical editors on our 


of four decisions must be 
accept as is, (2) return for revision, (3) 
send to an outside reviewer, or (4) reject. 
(1), (2) 


In the case of (3), we 


and (4) are self-explanatory. 
have outside re- 


(Continued on page 58) 
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SPECIFICATIONS 
Range: 0-10,000 d/m/150 cm? 
Energy Range: Calibrated for oper- 

ation over the energy range of 
alpha radiation from 4 to 5 mev. 
Detector: Air proportional counting 
chamber, integral with case. 
Accuracy: + 10% of indicated 
reading 
Sensitive Counting Area: 6cm x 20 cm 
Alpha window: Less than 2. mg/cm? 
(non permeable to moisture) 
Geometry: 15% minimum (detectable 
counts) 
Ambient Temperature: 0 to + 40°C 
Humidity: 0-95% relative humidity 
(chamber sealed against moisture) 


Portable Alpha Survey Meter—Model #4SNI0A2 


—, for anyone handling radium 
or other alpha emitting material. 
Thoroughly reliable even in high humid- 
ity. A multiple wire counter, this compact, 
portable unit was originally developed 
from work done with AEC and the U. S. 
Navy (AEC Catalog No. STC-2C; Navy 
Type AN/PDR10A). For informative bul- 
letin, write: General Electric Company, 
Section 661, Electronics Park, Syracuse, N.Y. 














G-E PRECISION UNITS 


Binary Scaler—Type 4SNIA3. 
Provides a scale of 2 in self- 
contained plug-in unit. 


Radiation Monitor 4SNTIA2. Self- 
charging. Measures milliroent- 
gens of gamma radiation. 
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Slow-Neutron Detection by Foils—I* 


A method is described for measurement of slow-neutron 


densities by inducing activity in indium foils. 


The effects 


of fast neutrons, elimination of undesired activities, and 
adjustment of sensitivity, are among the factors discussed 


By C. W. TITTLE 


Department of Physics, North Texas State College 
Denton, Texas 


THE ACTIVATION METHOD for measuring 
thermal and epithermal neutron distri- 
butions is convenient when a sensitive, 
It has 


been used by many investigators. 


compact detector is required. 


Sometimes, however, it is not recog- 
nized that two important corrections 
must ordinarily be applied to the experi- 
mental data. These are: (a) a correc- 
tion for the absorption and scattering 
of the epithermal or resonance neutrons 
by the cadmium frequently employed 
to screen out thermal neutrons; and (b) 
a correction for the depression of the 
thermal-neutron flux by the detector. 
The latter is a diffusion phenomenon 
caused by the detector’s acting as a 
sink for neutrons. ; 

In the absence of the detector, : 
neutron crossing the proposed detector 
position has a certain chance of return- 
ing to the same spot and bolstering the 
neutron density, whereas, in the pres- 
ence of the detector, neutrons are ab- 
sorbed to some extent on crossing the 
detector and therefore have less chance 
of contributing to the neutron density 
at the detector site. Thus the detector 

* This paper is based on work performed with 
the Nuclear Shielding Project, Massachusetts 
Institute of Technology, Cambridge, Mass., 

hich is supported by a joint program of the 

of Naval Research and the Bureau of 


t PRESENT 


ve pment ¢ 


\ppress: Gulf Research and De- 
ompany, Pittsburgh 30, Pa. 


Vol. 8, No. 6 - June, 1951 


lies in its own shadow, 
Bothe (1) has used the apt descriptive 
‘“‘self-shading effect’’ to describe 
It is also sometimes 


so to speak 


term 
the phenomenon. 
referred to as ‘‘foil drain.” 
These two 
cussed next 
two-part article. 


corrections will be dis- 


month in Part IT of this 


The Method 


The activation method of neutron 
detection is based on the fact that many 
elements become radioactive when 
exposed to a neutron flux. The 
build-up to saturation activity and the 
decay to zero activity follow an exponen- 
tial law. 

The procedure involves exposing the 
sample serving as neutron cetector to 
the neutron flux for a measured length 
of time ¢ and then removing it to a 
counting position and counting its 
induced radioactivity beginning at a 
time ¢; and ending at time ¢., measured 
from the end of the exposure. The 
total number of counts during the 
interval from ¢t,; to ft, is first corrected 
for background. The net number of 
counts, N, is then reduced to the count- 
ing rate which would have been ob- 
tained right at the end of exposure, if 
exposure had been carried to saturation. 
This particular counting rate will be 


5 











called Co sat, the initial saturation count- 


Then 


ing rate 


( 


t, 7 


where T is the mean lifetime of the 
itivity and is equal to 7'/0.693, where 
7’ is the half-life, and 0.693 is the 
natural logarithm of 2. 
Detector materials. A 


activation 


frequently 


used detector is indium, 
which is readily available in pure form, 
handles easily, and has a convenient 
resonance for epithermal-neutron dis- 
well as a 


tribution measurements as 


sizable activation cross section for 
thermal neutrons. 
Several activities are induced in In 
The one under discussion 
half-life of 


most 


by neutrons 
in this has a 
The accurate 

appears to be that of 
Silver 2) who reported 53.93 + 0.13 
Graves and Walker (3 
54.0 + 0.5 min. 


corresponding to a half-life of 53.93 


paper very 


nearly 54 min. 
determination 
min reported 
The mean lifetime 7, 


min, is 77.8 min, 
Other 
frequently used include: rhodium, which 


activation detector materials 
is similar to In in its nuclear properties 
but quite expensive; silver; gold; iodine; 
The first 
these exhibit pronounced resonances in 


and dysprosium. four of 
the range of energies just above ther- 


mal. Dysprosium is convenient for 


thermal measurements because of its 
high activation cross section and the 
fact that a 


need not be 


correction for resonance 


The 


latter may or may not be a handicap 


activation made. 
depending on whether the resonance- 
neutron distribution is desired. If it is, 
In makes an excellent detector, al- 
though it is not as sensitive to thermal 
For the 
properties of the various possible activa- 


neutrons as is Dy. nuclear 
tion-type neutron detector materials, 
the reader is referred to the compilation 
of Sullivan (4). (It should be noted 
here, however, that Sullivan has inad- 
vertently interchanged the activation 
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cross sections of the 54-min and 13-sec 

The 
curves by 
Ibser, and Feld 
also quite useful. 


In activities compilations of 
Goldsmith, 


)) and by Adair (6) are 


cross-section 


Other cross-section 
compilations which might contain useful 
information include those of Ross and 
Story (7), Kroeger (8), Segré (9) and 
Way et al. (10). 


check several of these references for a 


It is a good idea to 


particular cross section. Sometimes 
wide differences exist in reported values. 
For example, the thermal-neutron-ab- 
sorption cross section of silicon is listed 
by Kroeger as 0.2, by Segré as 0.25, and 
by Sullivan as 0.1 The 
recent determinations are those of 
Harris et al. (11) and of Tittle and Faul 
(12), who obtained 0.16 and 0.15 + 0.02 


sections of 


barn. most 


barn, respectively. Cross 
this magnitude are difficult to measure 
accurately, but they need to be known 
for purposes such as the one at hand. 
Counting the activity. 
the 8-radiation from the activated foil, 
beta 
and fairly stable. 


For counting 


counters are 
When 
high stability over a period of time ts 


thin-mica-window 
convenient 


required, it would be well to consider 
the use of another counting method, or 
even a detector system different from 
the activation method. Possibilities 
include counting the activated foil by 
use of scintillation counters, and use of 
boron-lined or boron-trifluoride propor- 
tional counters, which can now be ob- 
tained commercially with enriched B! 
but are generally not as compact as foils. 

A high-pressure ionization chamber 
can also be used for determining the 


activity of the foil, and has the possibil- 


ity of greater inherent stability than can 
G-M 


ordinarily be achieved with 
counters. 

Undesired activities. Other 
ties than the one being used in the 
measurement might be induced by the 
For 
activity with a half-life of 13 see is pro- 


activi- 


neutrons. example, an intense 


in In by slow neutrons. To 
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duced 





eliminate it, it is only necessary to wait 


> min after exposure before beginning 
the count, thereby allowing it to decay 
completely. 

(An extraneous activity with a half- 
life longer than the desired one has the 
effect of increasing the apparent half- 
ife, sometimes to a different degree 
depending on circumstances. An ex- 
ample is discussed in the next section. 

Farmer and Faul (13), at the Massa- 
chusetts Institute of Technology, found 
that a low-level background activity 
In by stray 
neutrons could be eliminated by storing 


ipparently produced in 
the foils in a Cd box covered by about 


2 in. of paraffin 


Fast Neutron Effects 
The activation method is sometimes 
used to detect fast neutrons by means 
of a reaction which does not occur ap- 
certain 
threshold. 
Such threshold detectors are beyond 


pre iably at energies below a 


minimum, known as the 


the scope of the present discussion. 
The interested reader is referred to the 
recent paper by Cohen (14). 

\ fast 


trouble in 


activation effect which may 


give the case of In is the 
occurrence of the isomer of In! with 
a half-life (4) of 4.5 hours, which is pro- 
duced (among other ways) by bombard- 
ing In! fast The 
process is inelastic scattering, in which 


with neutrons. 
a neutron enters the nucleus, imparting 
some of its energy internally, and a 
neutron leaves with considerably less 
energy than the one that entered. In 
a number of instances, the excitation 
energy of the nucleus is not given up 
immediately in the form of gamma 


radiation 


as is usually the case, but 


remains for some time before being 
This delayed gamma radia- 


a type of radioactivity some- 


released. 
tion 18 
times called an isomeric transition 
oe As for the high-energy activa- 
tion of In, it is fortunate that high- 


Sensitivity 


Vol. 8, No. 6- June, 1951 


beta counters, such as the 


thin-mica-window type now available 
commercially, are relatively insensitive 
to gamma radiation. 

Faul (15) has determined quantita- 
tively the effect of the 4.5-hour activity 
in typical diffusion experiments. Sev- 
eral tests were made in which an In foil 
was exposed to the fast and slow neu- 
trons present in the neighborhood of a 
Ra-a-Be neutron source located in an 
pipe surrounded by 
Sufficient exposure was given to satu- 
rate both the 4.5-hour and the 54-min 
activities. 


empty water. 


At 8 em from the source, 
the 4.5-hour activity was about 3% of 
the 54-min resonance activity, both cal- 
culated 90 min after end of exposure. 
At 16 em, the corresponding figure was 
1%. 


ratio in favor of the 54-min activity was 


Just at the end of exposure the 
even more favorable. In addition, the 
4.5-hour activity can be very effectively 
discriminated against merely by short- 
ening the exposure. Thus, since the 
activity increases according to the law 
A = Aa:(l —« 
saturation activity and ¢ the time meas- 


t/t), where Agat iS the 


ured from the beginning of exposure to 
flux, a 
exposure will take the 54-min activity 
to half saturation, but the 4.5-hour 
activity will only be brought to 13% 
saturation in that 
ments in continuous media, the effect 


the constant neutron 54-min 


time. In experi- 
will be less because the material between 
the source and detector reduces the fast 
neutron flux materially. 

If the In-foil activity is counted with 
a scintillation counter, the 4.5-hour 
activity (which consists of gamma ra- 
diation) will be relatively more impor- 
tant because of the high efficiency of 
the counter for gamma rays. 


Separating Resonance and 
Thermal Activations 
Thermal neutrons can be screened 
from the detector foil by surrounding it 
with 0.02 in., or more, of Cd. Cad- 


mium has a large absorption cross sec- 
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FIG. 1. Total neutron cross sections of 
Cd and In as functions of neutron energy 
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FIG. 2. Variation of thermal counting 

rate with thickness of foil for In foils 2.5 

cm in diameter. Exposure was in water 

at a fixed distance from a Ra-Be neutron 
source 


tion for thermal neutrons (about 2,300 
barns) and also possesses a resonance at 
0.176 ev so that the cross section drops 
off rapidly in the range above 0.3 ev, as 
shown in Fig. 1. This energy ts usually 
referred to as the approximate value of 
the Cd cut-off 


term has no exact meaning 


although the 
Neutrons 


energy, 


above the cut-off energy can get through 
detector. With In, 
the activity thus obtained is due almost 


and activate the 
entirely to the In resonance neutrons, 
which have an average energy close to 
1.4 ev. 


} If the same foil, or 


The resonance peak is 1.44 ev 
an identical 
one, is later exposed in the same posi- 
but without the Cd 
activation due to all neutrons will be 


tion, cover, the 
obtained. 

In principle, the difference between 
the readings with and without Cd will 
be the thermal activation. However, 
because Cd absorbs some of the reson- 
ance neutrons, a correction factor, Feg, 
must be applied to the resonance count- 
This factor is best deter- 
mined experimentally. A way to get 


ing rate. 


its value for any In thickness and Cd 
thickness normally employed is dis- 


cussed in Part I] 


Counting Rate vs Foil Thickness 

As the detector is made thicker, its 
sensitivity increases up to a certain 
point and then begins to decrease slowly 
because of internal beta-ray absorption 
and the tendency of a highly absorbing 
detector to depress the neutron density. 
Experiments by Anderson at North 
Texas State College (16) show that the 
In-foil thickness giving the maximum 
thermal counting rate in water is about 
100 mg/cm?, as shown in Fig. 2. The 
thermal counting rate for a 50-mg/cem? 
foil is about 87%, and for a 150-mg/em? 
foil about 96% of the maximum. From 
the point of view of counting rate, there 
is little need to use In foils thicker than 
Foils of this thick- 
ness are quite durable when given rea- 

An advantage in using 
thickness is 
optimum value is that slight variations 


about 100 mg/em?. 


sonable care. 
foils whose close to the 
in foil thickness in a group of foils will 
have a minimum effect on their relative 
sensitivities. The In resonance count- 
ing rate does not vary with thickness as 


as does the thermal counting 
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rapidly 





rate. There appears to be a broad 


maximum around 100-150 mg/cm?. 


Detector Sensitivity 

If the flux is weak, the 
natural thing to look for is high detector 
sensitivity however, a 
low sensitivity is required because an 
inconveniently short exposure would be 
needed to give a counting rate that can 
be measured on available apparatus. 
If this is the only difficulty, absorbers 


neutron 


Sometimes, 


can be introduced between foil and 
It is usually necessary, for 
get a few 
measurements at intermediate counting 
rates with and without absorber. 

It sometimes happens that the detec- 
tor must absorb only weakly in order 
not to introduce an undue error; this is 
particularly true near the boundaries of 
amedium. It is convenient to mix the 
detector material with an inert element 
to reduce the sensitivity without weak- 
ening the detector mechanically. With 
In, this can be accomplished by alloying 
the metal with tin in known propor- 
Tin is only weakly activated by 
thermal and epithermal neutrons. An 
incidental property of the In-Sn alloys 
is that the ratio of resonance to thermal 
activity is greater than with pure In. 

A thin film of metal can be electro- 
plated onto an inert such as 
nickel. With dysprosium, a paste con- 
taining the oxide can be painted in a 
thin, uniform layer onto an aluminum 
disk. A similar procedure can be used 
with iodine, using lead iodide as the 


counter. 


comparison purposes, to 


tions. 


base, 


active material; or fairly substantial 
foils can be constructed of a lead iodide- 
collodion paste dropped onto a mica 
sheet which can later be stripped off. 

A good investment for any neutron 
laboratory using activation detectors is 
a set of flat jeweler’s bench rolls. A 
good set will pay for itself in rolling 
fees saved, not to mention the conven- 
ience of having the rolls available. 
They can also be used for making cali- 
brated various 
measurements in nuclear physics. 


absorbers useful for 
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Method for Prevention of Leaching 


and Fogging in Autoradiographs 


Usefulness of histological autoradiographs can be impaired 
by washing out (leaching) of radioactive materials, by chemi- 
cal fogging, and by loss of sensitivity and latent-image 


stability that occur with wet mounting of specimens. 


A dry 


mounting method is proposed to alleviate these difficulties 


By AGNES |. WILLIAMS 


Los Alamos Scientific Laboratoryt 


Los Ala mos, N eu 


Iv WAS RECENTLY demonstrated at this 
laboratory that leaching of plutonium 
and americium, believed to be firmly 
hound to. tissue proteins, occurred 
during the histological preparation of 
the specimens and/or exposure of the 
autoradiograph. For a true interpreta- 


tion of the localization of radioactive 
isotopes in histological sections it is, of 
course, necessary to eliminate leaching 
both 


autoradiographic processing. 


during tissue preparation and 
Leaching during tissue fixation can 
be kept at a minimum by the use of 
freezing-dehydration techniques instead 
of the more conventional methods (1 
during may be 


Leaching exposure 


minimized by the elimination of water 
or other liquid between the tissue and 
the emulsion. To replace the previous 
method of floating a tissue section onto 
1 photographic emulsion with water, a 
modification of the technique called the 


‘dry mounting method”’ was devised. 


Leaching 
To demonstrate leaching during expo- 
sure, a mouse Was injected with 14 ugm 
of plutonium in the form of a soluble 
salt The spleen was removed, fixed 
in Zenker’s solution, and embedded in 


paraffin in the usual way. When an 


10 


Verico 


autoradiograph of the spleen was made 
by exposing Nuclear Track NTA emul- 
sion by contact with 
embedded 


plutonium alpha tracks was observed 


a dry paraffin- 
section, a concentration of 
at the periphery of the large areas of 
white pulp. The distribution of silver 
grains in an autoradiograph obtained 


by exposing a dry section on dental 
X-ray film was similar. 

This was not the case when a tissue 
section was floated onto a nuclear-track 
plate by the usual ‘‘wet mounting 
method.” 


alpha tracks were observed to be fairly 


Under these conditions the 


evenly distributed in the emulsion be- 
neath the tissue, and a large number 
were randomly distributed outside the 
area of the tissue. With an oil-immer- 
sion microscope, one can follow one of 
tracks obliquely into the emul- 
sion, and then follow still another track 
to even greater depth, indicating that 


these 


radioactive material had migrated ver- 
tically as well as laterally. 

Similar results were noted when using 
bone sections although the leaching was 
not found to be as profuse. 


* This work was done under the auspices of 
the U. 8S. Atomic Energy Commission 

t Present address avelace Foundation, 
Albuquerque, New Mexico. 
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FIG. 1. Alignment and developing clamps 

in place for developing in dry mounting 

method. Cellophane envelope is not 
shown 


Photomicrographs showing leaching 
are given in ‘‘Comparison of Methods.” 

Leaching also occurred when strip- 
ping film 
was floated on water onto the cellulose 
After 
numerous tracks were 


was used. A tissue section 
ester side of the stripping film. 
long exposures, 
found in the emulsion outside the areas 
A similar in- 
stance of leaching was demonstrated 
by Boyd and Williams (Fig. 4 of ref. 2) 
stripping film to make 
blood-smear autoradiographs. 


covered by the tissue. 


when using 


Chemical Fogging 
When employing the wet mounting 
method difficulty with 
was 


considerable 
chemical fogging encountered. 
The various solutions used to deparaffin 
the tissue, and in some cases the tissue 
itself, were found to fog the more sensi- 
tive track 
Boyd and Board (3) found that an image 
was produced on a Kodak NTB plate 
by a normal rat kidney section placed 
directly in contact with the emulsion. 


beta-sensitive emulsions. 


advisable, therefore, to re- 
from the 


It seemed 


move the tissue emulsion 
during development and eliminate all 
solutions possible from coming in con- 
tact with the plate during exposure. 


Difficulty in autoradio- 
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obtaining 


graphs of histological tissues containing 


beta-emitting isotopes was also en- 


countered. When paraffin tissue sec- 
tions containing C'* were floated from 
water onto Ilford G5 or Kodak NTB 
plates and stored in a plastic light-tight 
box, few tracks even 
when the exposure was long enough to 
obtain an image by dry contact expo- 
sure of dental X-ray film. By elimin- 
ating water or other solution between 


were observed 


the tissue and the emulsion, beta tracks 
from C'™ were obtained. The effects 
of the water illustrated in 
‘*Comparison of Methods” (Fig. 3). 
Boyd and Levi (4) report that they 
obtained good beta autoradiographs of 
a histological section containing C'* by 
using Kodak NTB2 plates and storing 
the prepared section in a plastic box in 


film are 


which some calcium chloride crystals 
had been placed. 


Dry Mounting Method 

In view of the preceding observations, 
it seemed necessary to devise a method 
for handling autoradiographs whereby 
no water or other solutions should be 
present between the tissue and emul- 
sion during exposure and only process- 
ing solutions should contact the emul- 
sion during development. In addition, 
the photographic plate should be devel- 
oped apart from the tissue or smear» 
The method should provide intimate 
contact between the specimen and emul- 
during and between 
specimen and image after development 


sion exposure, 
to insure good resolution. 

To meet these requirements, a dry 
mounting method similar in some re- 
spects to that of Hoecker and Roofe (4) 
was devised and is being used here. 

A set-up like that in Fig. 1 is used. 
The specimen, either soft tissue, bone 
section, or blood smear is placed on a 
22 x 60-mm coverglass and held against 
the emulsion with the alignment clamp. 
The exposure is then made. 


The 


emulsion are 
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coverglass and 

















(A) Dry paraffin section 
on glass slide placed in contact 
with ultraspeed dental X-ray film 
during exposure of 48 
x 100 


spleen 


hours 


(B) Spleen section obtained by 
floating section onto Kodak NTA 
emulsion with water. Exposure 
was SO hours. x 100 


(C) Spleen section obtained by 
placing dry paraffin section against 
Kodak NTA emulsion by dry 


mounting method. Exposure was 
71 hours x 100 








FIG, 2. 


ing exposure after different methods of mounting. 


Photomicrographic comparison of leaching of plutonium from soft tissue dur- 


A mouse was injected with 74 ugm 


plutonium; its spleen was removed and fixed in 10% formalin five days later 


placed in the developing clamp as shown 
in Fig. 1 and the emulsion developed 
according to specifications of the manu- 
facturer. During developing the cover- 


covered with a waterproof 


protect the 


glass is 
cellophane envelope to 
specimen from the developing solutions 

After development and washing, the 
developing clamp and cellophane enve- 
lope are removed and the specimen 
allowed to return to its original position 
When the emul- 
sion has partially dried under the cover- 
latter 


against the emulsion 


glass, the can be removed by 


12 


sliding a razor blade carefully beneath 
Thus the 
tissue is left in contact with the emul- 


the emulsion and coverglass. 


sion and in alignment with its autograph. 

Kasy transfer of tissue to emulsion is 
facilitated by omitting the albumen 
customarily used in securing a section 
to the coverglass or by superimposing 


a piece of lens paper between tissue and 
Blood 
from 


coverglass smears are not 


transferred the coverglass. In- 
stead, the coverglass with the smear is 
allowed to dry against the emulsion 


The specimen can be stained on the 
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A) Kidney section obtained by 

mounting dry paraffin section on 

glass slide and placing it in con- 

ultra-speed dental 

during exposure of 
100 


tact with 
X-ray film 


1,206 hours 


(B) Section of the cortex of kid- 
ney, obtained by floating paraffin 
Ilford G5 emulsion 
Exposure was 1,313 
970 


section onto 
with water. 


hours 


(C) Section of the cortex of kid- 
obtained by placing dry 
paraffin section against Ilford G5 
the dry mount- 
Exposure was 317 


ney, 


emulsion by 
ing met hod. 


hours 970 











FIG. 3. 
sion to beta particles. 


Photomicrographic comparison of effect of water on sensitivity of track emul- 
Rat was injected with nitrogen mustard containing 0.05 uc C'*; 


kidney fixed in 10% formalin 


after development or on 
emulsion after the transfer. Thus, the 
radioactive material is not washed from 


coverglass 


the specimen before exposure. 


Comparison of Methods 

tesults obtained with the dry mount- 
ing method are compared with those of 
other methods in Figs. 2 and 3. Vary- 
ing degrees of leaching of plutonium 
from soft tissue is shown in Fig. 2. 

The autoradiograph in Fig. 2A was 
obtained by contact exposure of dental 
X-ray film. A very sharp outline of 
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the white pulp made by the 
exposure of silver grains which showed 
that no leaching had occurred. 

The autoradiograph in Fig. 2B was 
obtained by floating a paraffin section 
of the same spleen onto Kodak Nuclear 
Track NTA emulsion with water and 
allowing the plate to dry partially before 
storing in a plastic box. No attempt 
was made to make sure the emulsion 
was dry beneath the tissue section. 
Distribution of tracks around the white 
pulp was observed, but under a higher 
magnification than in Fig. 2A. Tracks 
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was 











were found randomly distributed in the 


both beneath and outside 


the area of the tissue. 


emulsion 
This cannot be 
seen in the photomicrograph. 

The autoradiograph in Fig. 2C was 
obtained by the dry mounting method 
using a serial section on Kodak Nuclear 
Track NTA emulsion. 


sure pattern appeared 


A sharp expo- 
as heavy dark 
This 


is essentially comparable to that ob- 


lines surrounding the white pulp. 


served in Fig. 2A. 

Photomicrographs of autoradiographs 
of sections of the kidney of a rat injected 
with nitrogen mustard labeled with C'* 
Fig. 3. 
made on dental X-ray film by ordinary 


ire shown in kixposure was 


contact method in Fig. 3A. The activ- 


ity is seen to be concentrated in the 
cortex of the kidney. 

\ section of the cortex of the kidney 
from the floated 


lford G5 allowed to 


same rat was onto 


emulsion and 
expose. The autoradiograph in Fig. 3B 
was obtained. Although the exposure 
time was the same as for Fig. 3A, no 
tracks found 


region in Fig. 3B 


were under the cortical 

\ similar cortex section exposed dry 
on Ilford G5 emulsion resulted in Fig. 
beta tracks 
cortex 


s(* Numerous can be 


observed in the although the 
exposure time was one-quarter that of 


the other two exposures. 


Advantages of Dry Mounting 
The advantages of this method are 


numerous. There is good alignment 


between tissue and image. Leaching 


is held at a minimum during the photo- 
graphic and and 
latent 


graphic emulsion are maintained since 


process, sensitivity 


image stability of the photo- 
the emulsion is dry during exposure. 
No chemical fogging of the emulsion 
either by chemical solutions or by the 
tissue itself is apparent the only solu- 
tions coming in contact with the emul- 
sion are the developer and the fixative 
The tissue is not injured by these solu- 
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tions and is under no physical strain 
offered by the 
The 


also protected by the cellophane enve- 


because of protection 


cellophane envelope tissue Is 
during 


Uniform diffusion of the 


lope from silver deposition 
development. 
photographic solutions into the emul- 
s10n Ls possible since the photographic 
plate is separated from the tissue during 
processing; equal development results. 

There is good contact between the 
specimen and emulsion during exposure 
and between the specimen and image 
after development, with resultant good 
resolution. This is important particu- 
larly when using material to be exam- 
ined under high magnification. 

The specimen can be stained before 
that the 
High 
color contrast in the tissue is possible. 


transfer to the emulsion so 


autoradiograph is not obscured. 


All of the work preparatory to setting 
up the autoradiograph can be done in 
the light by an experienced technician. 
The actual setting up of the autoradio- 
graph takes less time than the wet 
mounting method. Considerable stor- 
age space and deep processing dishes are 
required, however. Coverglasses often 
vary in thickness and some experience 
is required in handling to avoid bending 
them beyond their limit of flexibility. 

* * * 

The author wishes to thank Mr. George A. 
Boyd of the Oak Ridge Institute of Nuclear 
Studies, Oak Ridge, and Mr. 
James Perrings of the Los Alamos Scien- 
tific Laboratory for helpful suggestions. The 
author also help of Mrs. 
J uliamarte Wellnttz of the Los Alamos Scien- 
tific Laboratory who prepared the freezing- 
dehydration sections, and Mr. Thomas Peet, 
also of the Los Alamos Scientific Laboratory, 


Tennessee, 


appreciates the 


who prepared the photomicrographs 
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Radioactive Dust Separation Equipment—ll 


From the limited data now available, current research is pro- 
jected to show possible future separation units. The three 
articles in this series are summarized, and information that 
must be obtained to establish future design criteria is listed 


By ALLAN L. BRALOVE 


Acting Director, Chemical Engineering Department 
Vational Scientific Laboratories, Inc., Washington, D. C. 


Most EQuIPMENT being developed* to 

‘move radioactive dust from waste gas 
streanis is designed on the basis of estab- 
But 
aspects of this equipment have not been 


lished principles. t engineering 
explored for extension to 


The experimental 


thoroughly 
future applications. 
investigations have not progressed to 
the engineering stage. 

There is, however, sufficient informa- 
tion available to enable one to estimate 
the feasibility of applying the newly 
developed equipment to future installa- 
tions. Several projected applications 
are discussed in the following pages. 
Since filtering techniques have been 
rather well established, this discussion 
to applications employing 
some form of particle growth accom- 


is limited 


panied by liquid collection techniques. 
Included are steam injection, sudden 
cooling, adiabatic expansion, and sonic 
Because of the limited data 
no attempt has been made to 


vibration, 
available, 
present finished design drawings and 
specifications; the illustrative examples 
should not be so 


presented here 


‘ onstrued. 


Steam Injection 


Steam injection could be used in 
several ways to promote particle growth 
It could 


a cleanup 


and thus aid dust separation. 
prefilter, as 
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be used as a 


filter, or could be applied to a plate 
scrubbing unit. 
As a prefilter. 
stallations handling ventilation air are 
employing filters of one kind or another. 
Normal dust loadings are from 1 to 10 
grains per 1,000 ft*, and the carrier is 


The majority of in- 


usually at normal atmospheric thermo- 
dynamic conditions, 

Under these circumstances steam in- 
jection could be used in conjunction 
with a plate scrubber as a_prefilter. 
The function of such a prefilter would 
be to take the major dust load so that 
the final cleanup filter would not have 
to absorb so much of it. This use of 
steam injection is particularly applica- 
ble because the life of a filter is deter- 
mined by its rate of plugging. One or 


scrubber, used with 


two plates of a 
steam injection, could prolong filter life 
10 to 15 times. Another advantage 
would be that the collected dust could 
be continuously removed in a liquid 
stream. 

One thing to consider, however, is the 
thermodynamic condition of the exit 
carrier from the steam injection stage. 
Under the same conditions as imposed 
in the steam injection experiments of 


* Equipment being developed was discussed 
in Part II (NU, May ‘51, p. 60). 

+ Basic principles of dust separation and 
equipment now in use was discussed in Part I 
(NU, Feb. '51, p. 37). 
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FIG. 15. Steam injection used as a 


cleanup filter 


J. Yellot and of the author (discussed in 
Part II) the exit carrier would be at 
ihout 100° F This hot, 
humid gas might cause serious deterior- 


and saturated. 


ation of paper-matte filters not built to 
withstand such humidity. Also, con- 
densation could occur within the filter- 
deep-bed 


especially in 
lead to 


ing medium, 
filters This 
plugging of the filter. 


could serious 

One way to avoid condensation is to 
utilize only one stage of steam injection 
in a two-stage plate scrubbing tower, 
Fig. 14.* The 
plate would then cool the gases, thus 
filter. 
plate might 


as shown in second 


avoiding condensation in the 
In addition, the 


much as 


second 


produce as 50% additional 


} appeared in Part [; Figs. 7-13 in 


This would 
bring the performance of the entire 
90%. Water circulating 
over the plates is cooled and recircu- 
lated; part is drawn off to generate the 
The collected dust is concen- 


cleanup by sudden cooling. 


tower near 


steam. 
trated in the bottoms, which are drawn 
off for disposal. 

While filter life would be prolonged 
by using a prefilter in series with a deep- 
bed filter, there probably would be no 
appreciable increase in efficiency. As 
deep-bed filter 
operates with as little as 50% efficiency 
after the first 90% of the dust has been 
removed, 


previously noted, a 


Therefore, a deep-bed unit 
that operates at 99% efficiency alone 
will probably operate with 50% effi- 
ciency behind a prefilter. 

The additional pressure drop intro- 
duced into the system by the plates 
(approximately 2 to 3 in. per plate) is 
less than that usually allowed in the 
design of the system for buildup of 
pressure by plugging. 
most installations can take care of the 


Consequently, 


additional pressure drop introduced by 
the plates. 

As a cleanup filter. 
can be used in a final cleanup stage 
working behind a conventional scrub- 
This is particularly applica- 
ble where high grain loadings are in 
evidence; because of preferential wet- 


Steam injection 


bing unit. 


ting, the use of steam injection would 
not be effective until the major load 
had been removed. It is most likely 
that the major portion of dust of very 
high concentrations would consist of 
large particles which could be conven- 
iently handled with about 80% effi- 
ciency in scrubbers, etc., 
without aid of steam injection. Then 
steam injection would be applied to the 


cyclones, 


remaining 15%. 

Figure 15 shows such an arrangement 
operating under a pressure drop of 
about six inches of water. Choice of 
the primary collector would depend 


upon the relative concentration and size 
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the dust, but the unit should 
removal 
handle the major load. 


range of! 
be designed for continuous 
since it will 
The steam injection stage provides the 
final cleanup. If the primary collector 
employed was a plate scrubbing tower, 
then the two units could be combined 
into one by having only the last two or 
three stages of the scrubber equipped 
with steam injection 

Applied to a plate scrubbing unit. 
17 show a projected 


Figures 16 and 


application of a typical plate scrubber 
employing five stages of steam injec- 
tion. The tower would not exceed 2 ft 
in diameter and would be capable of 
1,000-ft'/min of dust-laden 
1,000-ft*. 


From the preliminary experimental data 


processing 
gas carrying 1 grain per 
which has been obtained on simulated 
radioactive dusts (22, 23) it should be 
possible to obtain from 85% to 90% 
cleanup per stage employing steam 
an over-all efficiency of 
to 99.998 %, 

16 shows the details of the 


injection, and 
from 99.996 % 

Figure 
Steam is injected 


plate scrubber, 


through ring injectors into the gas 
hefore it 


The 
through the orifices in the plates and 


stream enters each of five 


plates dust-laden gases pass 
the condensed droplets impinge on the 
baffle located directly 
The gases are then passed through an 
While primary cool- 


ing occurs on the plate itself, additional 


plates above. 


interstage cooler. 


cooling is necessary to effect efficient 
condensation in the succeeding stage. 
The water for each plate is put into the 
tower in parallel to derive the maximum 
water and to 
Re- 
heating would occur if the water was 


cooling effect from the 


prevent reheating of the gases. 
put through the column in series. 

Instead of an interstage cooler, an 
additional scrubber plate designed spe- 
cifically for cooling could be inserted. 
The gas-liquid contact on such a plate 
will be found to approach 90% of that 
of a theoretical stage, and this arrange- 
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FIG. 17. Recirculation system for five- 
stage steam injection plate scrubber 


ment might prove more economical 


than a fin-type cooler. Figure 16 shows 
a typical layout of a two-plate stage in 
the inset. 

The pressure drop would run about 
three to four inches per stage for a two- 


plate stage. Probably the same over- 


all pressure drop would obtain for a 


one-plate stage, the drop through inter- 
stage coolers making up the difference. 

Figure 17 shows a possible recircula- 
tion system to accompany the tower; 
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this system is designed to provide in a 
closed system a high concentration of 
liquid carrier. The 
recirculant stream need not build up in 
concentration beyond the ratio of the 
grains of dust entering per minute to 
the steam quantity used, in this case 
1 part in 28,000. This minimizes the 
chance for significant dust generation 
within the tower by virtue of the liquid 


the exit main 


recirculant forming a mist. 

The bottoms from the steam still can 
be as concentrated as desired, but it 
must be assumed that the overhead will 
carry radioactivity over with it and 
back into the tower, Depending upon 
the design of the still, the overhead 
would be from 10~-* to 10~* the concen- 
tration of the bottoms. For high con- 
centration of the bottoms it may be 
necessary to perform the evaporation in 

this 
stage 


a multiple-effect evaporator. In 
manner the steam to the last 
would carry back a minimum amount of 
dust tothe tower. It should be remem- 
bered that the steam is not processed 
through all five stages, but only through 
following its particular 
point of entrance in the tower. With 
desired outlet concentrations as low as 
1 part in 100,000, the carryback in the 
steam must be properly accounted for. 


those stages 


For units with as many as five stages, 
it is not desirable to omit a recirculant 
On the basis of 0.1 pound of 
steam per pound of air per stage, five 


system. 


stages result in a total consumption of 
The total 
steam for a 


0.5 pounds per pound of air. 
daily consumption of 
| ,000-ft3 /min 
6,700 gallons per day, which if not re- 


tower would run about 
circulated would show up in the outlet 
dust-laden liquid carrier removed from 
This in 
would be too large an amount of water 
plant 
processing of only a 1,000 ft#/min of air. 


the tower. most instances 


to handle in a requiring the 


To project this idea to the design 
stage, three basic pieces of information 


must be further explored: 
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1. The performance of steam injec- 
tion has been limited to simulated dusts 
which were representative of radioactive 
dust problems; actual tests on radio- 
active dust have not been made. 

2. Nothing is known about the effects 
of entrainment on efficiencies when the 
concentrations approach 1 part in 
100,000. It may be that entrainment 
will represent a larger proportion of 
radioactivity in that form than the 
dust itself, and thus seriously hamper 
good efficiencies. 

3. The thermodynamics are not well 
enough established to fix the power 
requirements. It may be feasible to 
reduce the amount of steam required 
in the last stages when most of the dust 
The 
cooling requirements are not well estab- 
lished either. 

The schematic serves only to demon- 


has been removed. interstage 


strate a possible projected application 
Such a 


obtaining 


of steam injection. system 


would be aimed at high 
efficiencies, continuous removal of the 
radioactivity into a very small liquid 
volume, and small, compact equipment. 
The most outstanding disadvantage of 
such a scheme is the power consump- 
The body of the water 
which is constantly recirculated through 
the tower must be cooled from approxi- 
mately 85° F to 60° F, a heat load of 
over 40,000 Btu per minute. 
water is not available at a sufficiently 


tion. main 


If cooling 


low temperature, this would have to be 
done by refrigeration, which from a 
power consumption viewpoint is prac- 
tically prohibitive. However, further 
experimentation may prove that the 
thermodynamic requirements may be 
sufficiently reduced to cut the power 
more feasible 


requirements down to 


levels of power consumption. 


Sudden Cooling 


The employment of sudden cooling to 


effect condensation of water about dust 
contained in a hot saturated gas has 
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been described in Part II. The method 
would find application where the gases 
to be treated were 
be treated by steam 
gas above 100° F 


steam injection because the condensa- 


initially too hot to 
injection, Any 
cannot be treated by 


tion will not be significant. 

Sudden cooling refers not to the rate 
at which the gases cool but rather to the 
fact that a large temperature differential 
between gases and cooling surfaces is 
According to the author’s 
calculations, the 
water which condenses in a fog to the 
the sur- 


maintained. 
ratio of the amount of 
amount which condenses on 
faces depends upon this temperature 
differential. 

Gases which are above 212° F must 
be cooled below this temperature before 
any condensation occurs. They must 
saturated with water vapor. 
combined by cooling the 
hot gases with a water spray. After 
reach 212° F, they should 
contain as much water vapor as possi- 
ble, for the first initial condensation 
will bring down more water than at any 
tem perature- 
A ratio of 2 pounds 


also be 


This can be 


the gases 


other point along the 


humidity curve. 
of water vapor per pound of process gas 
is a Soifr ee value. 


If the 


cooling are 


treated by sudden 
initially cold (this would 
occur if it became more feasible to treat 


uses to be 


gases by sudden cooling than by steam 
injection), the gases could be heated 
and humidified by injection of super- 
heated steam. The steam would have 
to be superheated to prevent thermal 
which provide 
nuclei in addition to the dust contained 


condensation would 
therein. 

\ typical heat balance for one stage 
of sudden cooling operating on gases 
initially saturated at 200° F is shown in 
Fig. 18. Under the conditions shown, 
which are based entirely on theoretical 
calculations, approximately one pound 
of water per pound of air is condensed, 
of which it is assumed from calculations 
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Estimated heat balance for 
sudden cooling 


FIG. 18. 


that 1% is in the form of the desired 
fog. This would produce an amount 
of condensation equivalent to that pro- 
duced in the experiments on steam in- 
jection. Thus 85% cleanup might be 
approached in this stage when followed 
by a suitable dust collector. 

The heat load of this one stage is 
almost ten times the heat load produced 
in a steam injection tower, since only 
1% rather than 10% of the steam is 
converted to moisture. The tempera- 
tures involved are considerably higher 
than those in steam injection, and for 
this reason the heat can be removed 
much more economically, completely 
avoiding the necessity of using refriger- 
ation equipment. 

The total temperature ies of only 
8° F across the unit makes it easy to 
maintain a high temperature differen- 
tial. Utilizing the same rate of water 
as the steam injection tower, 200 gal- 
the rise in the cooling water 
F; thus the 
from 


lons/min, 
temperature is only 56° 
temperature differential 
140° to 72°. The cooling water can be 
recirculated and passed through a cool- 
ing tower, since it does not come into 
with the radioactivity. If 
recircula- 


drops 


contact 
sufficient water is available, 
tion is not necessary. 

A succeeding cooling stage 
have tougher requirements imposed 
upon it. To condense the same total 
quantity of water as the first stage, i.e., 
one pound, the gas temperature would 
have to be reduced to 100° F. The 
maintenance of the temperature dif- 
ferential is, therefore, more difficult. <A 
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FIG. 19. 


third stage would not be effective; below 
100° F 
vapor remains in | |b of gas. 


only about 4500 lb of water 


\ suitable collector must follow each 
stage. This collector could be centrifu- 
gal or impingement plate, depending on 
the relative size of the droplets pro- 
the 


collection 


efficiencies required, 


be 


duced and 


Wet 


for continuous removal. 


should maintained 


The plate scrubber again prevails as 
the answer to combining all the neces- 
of collection by 


sary characteristics 


sudden cooling. First, the gases may 


be properly humidified and cooled in 
the base of the tower by suitable sprays. 
Next, contact cooling the plates is one 
of the most efficient methods of achiev- 


Third, 


the condensed droplets are removed as 


ing sudden cooling of the gases. 


they are formed on the plates, 
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Finally, 


Use of expansion engine to obtain condensation 


the scrubber be 


adapted to staging. 


plate can readily 

Application of sudden cooling by use 
of a plate tower can be achieved by 
using commercial equipment without 


It 


advantageous to provide parallel feed 


any major change. may be more 
to the plates rather than series feed, 
although the latter may prove satis- 
high temperature 


recirculant will have to 


in these 


The 


be cooled by a secondary cooler since 


factory 


ranges. 


it will contain the radioactivity; the 
type of recirculant system shown for 
the injection tower could be employed 
here, 

Considerable experimentation is in 
to the actual 
densation which could 


con- 
be 


realized by each stage, to determine the 


order, determine 


efficiencies 


necessary thermodynamic requirements, 
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dust removal 
efficiencies can be achieved. The possi- 
of employing such a piece of 


and to determine what 


bility 
equipment in lieu of the injection tower 
may be an answer to economic con- 
siderations. Of special interest would 
be application for mobile units such as 
ships, which could use the sea for a 


coolant 


Adiabatic Expansion 
The condensation produced by adia- 
batic expansion is probably the most 
efficient from the standpoint of percent 
falls on 


However, from another 


of water condensed which 
the particles. 
standpoint, that is, pressure losses, it 
is the The 


pressure losses presently encountered 
This auto- 


most inefficient method. 


are as high as 25 Ib/in?. 
matically limits the use of adiabatic 
expansion techniques to handling very 
small quantities of gases where, despite 
the pressure loss, the power require- 
ments are low. 

(Adiabatic expansion practically pro- 
hibits the use of stages, since one stage 
alone produces a large pressure drop. 
In addition, thermodynamic conditions 
sufficiently to 


are destroyed require 


considerable interposition of cooling 
coils between stages. 
The use of the 


chamber to prodiice adiabatic expan- 


double-expansion 


sion has been discussed previously. 
Little modification of the present experi- 
mental apparatus is needed to apply it. 

Another method of producing adia- 
batic expansion would be to employ 
either a turbine or a reciprocating ex- 
absorb the work. 
Fig. 19. 
provide for 


pansion engine to 
Such a 
This theoretically 


complete recovery of the pressure losses 


scheme is shown in 


could 


beeause it is the most efficient thermo- 


dynamic mechanism for producing the 
However, in 
practical application the frictional losses 


desired condensation. 


are quite considerable. Even so, over 


the range that the double-expansion 
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chamber is employed, the turbine or 
reciprocating expansion engine might 
much economical 


provide a more 


system. 


Sonic Vibration 
While being developed 
shows promise of attaining high effi- 
ciencies, continuous removal, and com- 


equipment 


pactness, several outstanding disadvan- 
tages accrue which, from an economic 
this 
equipment from being a decisive con- 


The 


standpoint at any rate, prevent 


tender in the field of separation. 
disadvantages are: 

1. The power requirements are very 
high, this power being chiefly in the 
form of heat 
and secondarily in the generation of the 


generation and removal 
centrifugal forces necessary for removal 
of the enlarged particle. 

2. The success with which the parti- 
cle can be enlarged is greatly dependent 
on the maintenance of proper thermo- 
This limits the 
application of such equipment to those 


dynamic conditions. 


process streams which can be main- 
tained in a steady-state condition. 

3. The success with which the parti- 
cle can be enlarged also depends upon 
the concentration of dust to the extent 
that there is sufficient water to be con- 
densed on all the particles. 

A completely different method of pro- 
ducing an “enlarged” particle and a 
technique for collection, which shows 
evidence of being able to circumvent 
these three objectionable features and 
still preserve, possibly improve upon, 
the desirable features of enlargement 
through condensation, has occurred to 
the author. 

It is known through theory and ex- 
periment (Part I) that Brownian motion 
aids the collection of particles below 0.2 
u through the vibratory motion and mi- 
gration thus imposed. 
that the collector have interstices in the 
order of magnitude of the Brownian 
If a particle in the submicron 
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It is necessary 


motion. 
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FIG. 20. Sonic filter 


range could artifically be given a vibra- 
tory motion, two things would result: 
If the vibrations were in the high fre- 
quency range, the particle would be 
effectively enlarged by 
likelihood of coming into contact with 


virtue of its 


anything encroaching upon the outer 
dimensions of the path along which it 
vibrated. The centrifigual force neces- 
sary for impingement into or onto a sur- 
face is given to the particle by virtue 
of its velocity in vibrating. Because of 
the similarity to Brownian motion, this 
artificial vibration is given the name 
pseudo-Brownian motion. 

Such pseudo-Brownian motion can 
This 


new application of sonic vibration would 


be produced by sonic vibration. 


provide impingement of the particles 
upon a stationary impingement surface 
and would not require dense concentra- 
tions of dust. An idea of the construc- 
tion of a unit using this technique is 
shown in Fig. 20. 

\ particle with a pseudo-Brownian 
motion projected along a vibration path 
of 1 


tion 


mm becomes available for collec- 
within interstices of 1 mm if the 
path of vibration is aligned perpendicu- 
lar to the free directional path between 
the impinging surfaces. 

Needless to Say, a 


would be ineffective for sub- 


coarse filtering 
medium 
supplementary 
But, 


if the sonie vibration imposed through- 


micron dusts without 


aid of pseudo-Brownian motion. 


out the filtering medium provided suf- 
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ficient impingement for high collection 
then 
vantages accrue. 

1. The pressure drop would be neg- 
ligible, or if preferred, the linear velocity 
of the gases could be correspondingly 


efficiencies, other decided ad- 


greatly increased. 

2. It would be possible to provide 
continuous wet collection by spraying 
water through the medium without fear 
of plugging the interstices with the 
water. 

3. The method is completely inde- 
pendent of dust concentration. 

4. The method does not call for any 
thermodynamic requirements or treat- 
ments, or for the maintenance of any 
steady-state conditions except for the 
sonic vibration and possibly velocity of 
gases. 

The efficiency that could be expected 
from such a sonic filter is limited by 
probability of collision and by target 
efficiency. The former term defines 
the probability that the particle will 
have a path that will bring it into colli- 
sion with the filter medium; the latter 
term describes the tendency of a particle 
to slipstream around a target even 
when the path of the particle is in line 
The probability of 
collision is made to approach 100% by 


for a_ collision. 
the vibratory pseudo-Brownian motion 
imposed. The target efficiency is gov- 


erned by several factors: size of particle, 


size and shape of target, and velocity 
Under 
conditions, this target efficiency can be 
However, there are many 
factors that may play an important 
part in target efficiency and that are 
electro- 


of the particle. certain ideal 


calculated. 


not calculable—for instance, 
static attraction, Bernoulli forces, vibra- 
tory motion producing nonlinearity in 
slipstream. The final throughput ve- 
locity will be governed by the actual 
target efficiency obtained, and this will 
only be determined by experiment. 
The ability of the sonic vibrations to 
penetrate the filtering medium without 
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serious attenuation is one of the major 
practical problems. Many techniques 
suggest themse Ives, but will not be un- 
dertaken (nother serious prac- 
tical problem is the prevention of regen- 
eration of dust from the action of the 
vibration on the collector to form a mist. 

The complete lack of any power re- 


he re 


quirements for thermodynamic treat- 
ment and for pulling the gases through 
a high pressure drop leaves the question 
of power consumption squarely up to 
Sonic sources 
50% 
acoustical efficiencies, and in the appli- 


the sonic source itself. 


are presently achieving up to 
cation of sonic agglomeration are de- 
signed to require about 6 kilowatts per 
This value 
is on the upper range of power require- 


1,000 ft® of gas processed. 


ments in equipment presently used, but 
is far lower than the thermodynamic 
requirements of steam injection. 

In summarizing, the application of 
filtering 
medium may, in theory, provide high 


sonic vibration to a coarse 


efficiencies; compact equipment; con- 
tinuous wet collection; independence of 
performance with respect to variations 
in thermodynamic conditions, concen- 
tration and sizes of particles; and rea- 
sonable power consumption commen- 
surate with the performance derived. 


Summary 
The removal of radioactive dust has 
become a major engineering 
Its rise from a petty 


rapidly 
design problem. 
annoyance to a significant factor is due 
chiefly to the steady increase in volumes 
of contaminated gases. What was first 
regarded as a minor irritation must now 
be handled as a primary engineering 
concern. 

The survey in Part I of presently- 
used equipment shows that the industry 
has leaned commercially 
available equipment and standard dust 
handling practices. The units were 
‘plugged in” and it was hoped, not 
without logical justification, that they 
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heavily on 


would perform on radioactive dusts. 
A second look indicated that modifica- 
tions in the systems would have to be 
introduced to obtain substantial gains 
in performance. A third look indicated 
that there were basic shortcomings in 
the equipment in use, and that there 
was a need for development of equip- 
ment through other approaches to the 
problem which would obviate the dis- 
advantages now encountered, The sur- 
vey in Part II of equipment under 
development shows that such alternate 
approaches are being considered, but 
that many 
advantages to be conquered. 

The most effective equipment now 


also shows there are dis- 


employed is of the low-velocity, fixed- 
bed, high-efficiency type. The chief 
disadvantages presently encountered 
are inability to remove continuously 
the radioactive dust collected, inability 
to achieve significant improvements in 
efficiency, large size and high cost of 
installations, and unsuitability for com- 
pact mobile equipment. 

The general approach to circumvent- 
ing these problems has been to increase 
the average size of the dust particles 
through condensation of water about 
them. Preliminary experimental in- 
vestigations have given evidence that 
this technique may enable conventional 
equipment to achieve high efficiencies 
and remove the collected dust contin- 
The equipment furthermore 
would be small The 
chief disadvantages would probably be 
the very high power consumption and 
high initial first costs; also, the conden- 
sation technique is limited in use to 


uously. 


and compact. 


proper thermodynamic conditions. 


Conclusions 
The problem has reached a propor- 
tion where it should now be removed 
from the evolutionary approach and 
viewed in its broadest scope as a basic 
engineering design problem. From the 
(Continued on page 33) 
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METHODS of FLUORINE and FLUORIDE ANALYSIS—I 


In view of increased interest aroused by the atomic-energy 
program in the technology of Auorine compounds, this anno- 
tated bibliography of methods used for their analysis is of 


current importance. 


It is the first comprehensive review 


of the literature, and covers the period from 1816 to 1950 


By F. E. MCKENNA 


Air Reduction Company, Research Lahboratories* 


Murray Hill, New Jersey 


\NALYTICAL DETERMINATION Of fluoride 
by the lead chlorofluoride, calcium fluo- 
ride, aluminum, iron, lanthanum, yt- 
trium, cerium, and thorium methods is 
‘considered in Part I of this three-part 
paper, An extensive record of meth- 
ods developed or used in Manhattan 
Project laboratories has been published 
recently (1); therefore only declassified 
papers that have been separately re- 
leased are referred to in this compila- 
tion Some reviews of special methods 


or procedures for certain classes ot 


compounds have appeared earlier 


micromethods 2-4), in organic com- 


pounds (6-8), in minerals (9, 10 . and 


miscellaneous (11-23). 


Determination as lead chloroflucride. 
The determination of fluoride as lead 
chlorofluoride was apparently first sug- 
Berzelius (24). 
filtered 2h), 
ideal for gravimetric deter- 


ue sted by 
PbCI 


would be 


is easily and 


mination, except for 


its solubility in 
water, 3.7 X 10° gm/cem’ H.O at 
25° C, which is increased by the pres- 
ence of acids. Although the precipitate 
wash 


half- 


and saturated 


cannot be washed with water, 


saturated (26) or 
saturated PbCl, (27, 28 


solutions of 


*Certain portions of this paper 

ected at the SAM Laboratories at ¢ 
University and at The Institute for 

Studies of the University of Chicago 
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were col- 


olumbia 


Nuclear 


have been used. 
PbCIF has 


prevented adaptation of the method to 


PbCIF solutions (29 
The water solubility of 
a microdetermination of fluoride (30). 

lead 
phosphate, arsenate, sulfate, and 
Sulfate 
can be removed almost completely by 
as PbSO, at a pH more 
acid than that necessary for the PbCIF 
100 ml of 0.1N HNO, will 
dissolve 11 mg PbSO,. 


Anions which form insoluble 
salts 
chromate) cannot be present. 
precipitation 


precipitation ; 
However, the 
dissolved PbSO, may precipitate later 
with PbCIF to yield high fluoride values. 
Small errors occur when the precipi- 
tation takes place in the presence of 
Errors due 
PbCIF in 
solutions can be minimized by main- 
taining the pH at 4.6—4.7 (28, 31); but if 
the solution is more alkaline than pH 
5.4, Pb(OH), will precipitate (32). 
Starck (26 
cipitation of 


small amounts of borate. 


to the solubility of acidic 


recommended the 
PbCIF at 
phthalein endpoint; the methyl orange 


pre- 
the phenol- 


or dimethy! vellow endpoint has been 
considered more satisfactory because a 
basic salt is formed at the phenol- 
To pre- 
PbCIF with 


Pb(OH)CI, a warm lead chloride solu- 


phthalein endpoint (27, 33). 


vent contamination of 


tion rather than lead acetate was used 
PbCIINO 


been used as the precipitant (34). 
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solution has also 


34); a 





While 


contain an 


t is essential that the solution 
excess of chloride, vet so 
great an excess of chloride as to cause 
precipitation of PbCl, must be avoided. 
If the solution 
15° C, PbCl 


tion in any 


temperature is below 
will crystallize from solu- 
this error can be 
40°. 


Because precipitation of the last traces 


event; 
obviated by precipitation near 
of PbCIF seems to be slow, the precipi- 


tate should age for one hour before 


filtration (29 \fter precipitation of 
PbCIF, excess chloride has been deter- 
mined by titration with silver (36). 
Errors caused by the simultaneous 
precipitation of other lead salts can be 
avoided by dissolving the filtered pre- 
This is 


Volhard chloride deter- 


cipitate in 25% nitric acid (29). 
followed by a 
mination. Lead phosphate carries some 
chloride out of solution; thus, even the 
volumetric method may be in error in 
the presence of phosphate (3/7, 37). If 
much chloride is present during aging of 
the PbCIF, lead 


precipitates (55 


chlorocarbonate co- 


The precipitate, in general, has been 
150° C. No 
decomposition of the solid has been 
observed at 200° C, but it becomes 
PbO?) at 400° C (27). Precip- 
itation of PbBrF followed by a volu- 
the 
the filtrate has also been 
suggested (39). A collaborative study 
of the lead chlorofluoride and fluo- 
silicate methods is available (40, 41). 


dried about 30 min near 


vellow 


metrie determination of excess 


bromide in 


When the fluorides of gallium, indium, 
and thallium are analyzed by the PbCIF 
method, care must be taken to prevent 
precipitation of Ga(OH);, In(OH)s, and 
TI,0;, contaminated by their respective 


fluorides (42). The precipitation of 
PbCIF has been followed at the drop- 
ping mercury electrode and also ampero- 


metrically (43). 


Determination as calcium fluoride. 
Although the solubility of CaF, in 
water is 1.8 X 10-° gm/ml at 18° C 
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(44), it has been used as a weighing form 
in the gravimetric determination of 
fluoride under suitable conditions. 
Berzelius originally precipitated CaF, 
from aqueous solution and weighed it as 
The method of Lenz 
(46), as described by (47), 


requires fusion with CaO in platinum; 


such (24, 44). 


Deussen 
unreacted lime is 
tracted from the 
acetic acid. 


subsequently ex- 
with 
CaF, is presumed to be 


fusion mass 
insoluble in acetic acid although Deus- 
sen reported that analyses were always 
0.8% low. 
Filtration of CaF, is 
extremely difficult because a colloidal 
suspension is formed (48, 49). Rose 
(50, 61) CaF, from a 
obtain a 


sometimes 


precipitated 
carbonate solution to mix- 
ture of CaF, and CaCO;; the carbonate 
is sufficiently granular to form a porous 
mat that retains the CaF,. The mix- 
ture is heated and the resultant CaO is 
leached out Care 
must be taken during an ignition of 
CaF, because some CaO is formed on 
53, 64), particularly 
when the fluoride is moist. Although 
the CaF.-CaCO; can be leached with 
acetic acid without previous ignition, as 
many as four leaches may be required to 
remove the carbonate completely (31). 

An indirect determination as CaF, 
involves precipitation from a solution 
which contains a known amount of 
oxalate; the CaF, and CaC.O, are 
weighed together and excess oxalate 
in solution is titrated with perman- 
ganate (55). Alternatively, CaF, has 
been precipitated by addition of acetic 
acid which calcium acetate, 
and the excess calcium is determined 
manganimetrically. Calcium carbon- 
ate will coprecipitate when the calcium 
acetate-acetic acid solution is added, 
but as the solution becomes more acidic, 
the CaCO, will dissolve (56). 

The simultaneous precipitation has 
been criticized because of the equili- 
brium, CaF,(s) + C,0,-— = CaC.0,(s) 


with acetic acid. 


the surface (44, 42, 


contains 














and with any confining liquids 
univalent 
always determined as a fluoride 





Fluorine is the most powerful oxidizing agent known 
the elements except nitrogen and the noble gases. 
mixtures containing fluorine is difficult because of its reaction with the container 
It apparently forms compounds only in which it is 
Many volatile fluorine compounds are known. 


G. W. Buse 


Analytical Chemistry of the Manhattan Project” (7) 


It reacts directly with all 
Therefore, analysis of gaseous 


Fluorine is almost 


h. R. C. Carter UcKenna in 


,andF.E 








21 Ignition of the mixed CaF,- 
CaCO, precipitate, and determination 
of the CaO by an HCl titration has been 
ised to overcome this error (4? 
Cireater errors are introduced by the use 
of sodium oxalate than by oxalic acid 


is \ 


the excess calcium in solution after the 


volumetric determination of 
recipitation was reported to give an 
0.2-0.4% (59). A mixed 
»O, is difficult 
if the fluoride 
divided and 
the addition of 
KOH to cause an alkaline reaction will 


weuracy of 
precipitate of CaF,.-Ca( 
to filter and wash (37) 
I finely forms a 


COMES 
suspension, sufficient 


eause coagulation of the precipitate 
Ss The presence of large amounts of 
nitrates found to coagulate the 
( ak 
Calcium fluoride is filterable when 
precipitated in the presence of NH,OH 


i) yt) 


was 


readily (30). 


while precipitation from an 
etic acid solution has been reported 
satisfactory than precipitation 
61). These 


challenged be- 


nore 
from a carbonate solution 
statements have been 
use CaF 
both acetic acid and acetate solutions, 
ind the treatment of CaF.-CaCQO, mix- 


with 


is appreciably soluble in 


acid 
In addition, 


acetic results in the 
HF, CaF, 


precipitated from ammoniacal solutions 


tures 


evolution of 


is contaminated with CaCO, because 


of CO,-absorption from the atmosphere 
62-64 A CaF, precipitate from an 


ammoniacal solution contains about 


5% CaCOs, while the solubility loss is 


ibout 1%, (64 


Precipitation is rapid in the absence 


26 


ol a coprecipitant ia large excess of a 
precipitating agent, such as CaCl, is 
present with paper pulp, such as filter 


accelerators 1, 66, 67 Filtration is 


also facilitated by addition of a gelatin 


solution (68). 

The tendency of CaF. to form a col- 
loid has led to a nephelometric deter- 
mination. Stabilization of the colloid 
from the 
amount of a gelatin solution as a protec- 


results addition of a small 
tive colloid; there is approximately a 
turbidity 
Although the experimental eali- 


2% decrease in after six 
hours. 
bration curve does not agree with the 
that turbidity 


versely with the fluoride concentration 


assumption varies in- 
(69), the procedure has been reported to 
be accurate to 1% in the absence of 
sulfate, phosphate, and arsenate (70). 
Before precipitation of CaFs, it is 
essential that all silica be removed by 
addition of an ammoniacal solution of 
zine (31, 71), or by boiling the solution 


after addition of ammonium carbo- 
nate (56). 
chromates. 


salts 


Phosphates, vanadates, 


and aluminum and ammonium 
should be removed before precipitation 
of CaF, (31 
artificial eryolites has been determined 
by addition of NaOH and CaCl, to 

This treatment leaves a 
NaAlO, CaF, after 
neutralization to phenolphthalein; ex- 


The fluoride content of 


the solution. 
residue of and 


cess calcium in the filtrate is determined 
volumetrically with permanganate (72) 
A 1% accuracy was reported when the 


precipitation took place in platinum, 
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while unsatisfactory results were ob- 


tained in porcelain (73). 


Addition of ethanol improves the 


gravimetric determination as CaF, or 
Bak V4 When CaF. and CaSO, 
are coprecipitated and are washed with 
a solution saturated with respect to both 
salts, the content found is 
within +0.1% of the true value (60, 75). 
The combined precipitate can also be 
converted to CaSO, by evaporation 
with an excess of concentrated sulfuric 


acid (76 


fluoride 


Determination by reaction with alu- 
minum. Formation of the ion AIF, 
has been used for the conductometric 
both aluminum and 
- the minimum obtained in 
the conductivity curve is sharpened by 
AI(OH)s, 
like the hydroxides of beryllium and the 
earths, but unlike Fe(OH);, is 
soluble in neutral solutions of alkali 


30, 31, 79). 


determination of 


fluoride 
the addition of ethanol (78). 
rare 


fluorides 

The fluoaluminate ion is sufficiently 
more stable than the fluoferrate ion that 
excess free fluoride can be titrated in the 
presence of AlFs~~~ with iron (III), or 
that aluminum can be determined 
(III) titration 
reaction of an excess of 
fluoride with aluminum, and the subse- 
quent titration of excess fluoride with 
iron (III) (79). The formation of 
fluoaluminate can also be used as the 
Be- 
cause the complex ion forms in neutral 
solution, the hydrolysis due to excess 
aluminum can be observed by use of 
phenolphthalein (80-81). 

Distillation of H.SiF’s is hindered by 
aluminum so that there is only a 70% 
recovery from 0.5 mg fluoride in the 
presence of 3 gm Al.(SO,)3-18H,0 as 
compared to the usual 90-95% recover- 
There are some indications 
solid that contain 
aluminum and fluorine must first be 
fused with NaOH or a Na:CO;-K,CO; 
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indirectly by an iron 
through the 


basis of an acidimetric analysis. 


es (d2). 


that compounds 


mixture to convert the silicon to NaSiO, 
before a satisfactory separation of the 
fluoride can occur (38, 72, 83). Alumi- 
num fluoride must be fused with Na,CO, 
and sand before heating at 90° C with 
H.SO, to distill H.Sik’s (84). 

If a mineral contains an alumina-to- 
ratio 1:3, the 
Berzelius method for fluoride analysis is 
not accurate (85). 

When morin, a constituent of fustic 


silics greater than 


wood, is added to an aluminum solution, 
a green fluorescence appears, even when 
there is as little as 10~'° mg Al/ml (86, 
87). Quenching of the fluorescence by 
fluorides has been used as an endpoint in 
the titration of aluminum with fluoride 
while illuminated with ultraviolet light; 
the endpoint is not easily recognized, 
however, in the reverse titration. The 
fluorescence is extremely sensitive to the 
experimental conditions (88). 

The aluminum-aluminon 
nium aurintricarboxylate) color is also 
bleached by fluorides, but the results 
are inconsistent (89, 90). Similarly, 
the aluminum-hematoxylin 
bleached by fluoride and can be used for 
2 X 10-° mg/cm’ of fluoride (91, 92). 


(triammo- 


color is 


Determination by reaction with iron 
(III). Fluoride reacts with iron (IIT) 
in such a way as to suggest the forma- 
tion of a complex ion whose structure 
has generally been supposed to be 
FeF More recent evidence favors 
a mixture of the ions, FeF**, FeF,*, 
and perhaps some un-ionized FeFs. 

A fluoride solution can be titrated 
directly with (III) chloride. 
Excess FeCl; can be observed in an 
ether extract by its yellow color, which 
is sharpened by an excess of NaCl in the 
solution. An accuracy of about 0.2% 
has been reported for the titration of 
250-mg samples (93). The method was 
inaccurate for samples smaller than 
100 mg, and it was observed that the 
chloride 
size (94); 
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iron 


optimum amount of excess 


varies with the sample 








samples with 0.5 mg fluoride can be 
determined at pH 4.5 (95, 96 

The endpoint of the fluoride-iron 
II1) titration can be determined by the 
ippearance of the iron (III) thiocyanate 
color when excess iron is present (97, 
98 The bleaching action of fluoride 
on the iron (III 
can be used for the colorimetric deter- 
mination of 2.5 K 10-4 mg fluoride per 
ml (91, 99-104). 


Sulfate also causes a bleaching action, 


thiocyanate complex 


but a correction can be applied if the 
sulfate content is known. The amount 
of sulfate that appears in the distillate 
after a fluosilicic acid volatilization has 
been reported as having no effect on the 
thiocyanate color; this report has been 
confirmed by the statement that 1-2% 
sulfate has no effect on the coloration. 
The optimum FeCl; concentration ap- 
The bleaching 
action of the fluorides is very sensitive 
to pH, but apparently all buffers for a 
pH less than 7 also affect the solution 
color (106, 106). 


The bleaching action of fluoride on 


pears to be near O0.4N. 


iron (IIT) acetylacetone is not affected 
by the acidity of the solution. The 
bleaching produced does not follow 
Beer’s Law (105, 107). 


to sulfate and 


This method is 
less sensitive chloride 
than is the thiocyanate method (107). 

The iron (II1)-fluoride complex can 
be formed in the presence of excess iron, 
which can then be determined 
metrically (108, 109), or colorimetrically 
101, 110). Ferron, 7-iodo-8-hydroxy- 
quinoline-5-sulfonic acid, forms a green 
solution with iron (III 
changed to yellow in the presence of 
fluoride at pH 4.2. An 
about 0.1% is obtained if the sample 
10% fluoride (/1/1, 


iodo- 


the color is 
accuracy of 


contains less than 
112). 

The iron (II)-iron (III) electrode has 
been used for the potentiometric titra- 
tion of fluoride (113, 114); 0.2-60 mg of 
fluoride per liter can be determined in a 


5-mlsample. The relationship between 


28 


electromotive force and fluoride con- 
centration is empirical and leads to the 
conclusion that FeF, is not formed. 
There is evidence for a variation from 
FeF, 5,:*''* at 9.5 mg F 
FeF2 9,7°°* at 0.48 mg 
liter with an initial 
5 X 10°* moles per liter of both tron 
(II About a 1% 


error has been observed in this method 


per liter to 
fluoride per 
concentration of 
and iron (II) ions. 
of fluoride analysis (114). 

Salicylic acid forms a violet complex 
(III) at pH 2.7, 
absorption maximum at about 550 mu. 
Both fluoride and fluosilicate decrease 
Although 
the bleaching of the violet complex of 


with iron with an 


the complex-formation (116). 


iron (III) and 5-sulfosalicylic acid by 
fluoride at pH 3 does not follow Beer’s 
Law, it can be used as a colorimetric 
method (117). 
be controlled, and the color should be 


The temperature must 
measured at 520 my (118). 
Determination as lanthanum fluoride. 


be precipitated 
dilute as 


This compound can 
from fluoride 
10-*M. This precipitation is a con- 
venient concentrate fluorides 
(30). LaF; has used for the 
qualitative detection of fluoride (119 
121); after LaF, has been precipitated, 

concentrated 


solutions as 


way to 
been 


it can be treated with 
sulfuric acid, and the etching action of 
the evolved HF can be observed (122), 
or the fluoride can be detected micro- 
scopically by the formation of Na.SiFs 
(119, 123). The 
qualitative identification of the crystal- 


crystals ease of 
line fluosilicate can be increased by 
precipitation in the presence of eosin. 
At the lower identification limit of 
1: 50,000, 2 y of fluoride can be detected 
by means of the adsorbed dye (124). 
Lanthanum fluoride best 
precipitated from dilute acetic acid; 
lanthanum acetate is 


can be 


however, some 


coprecipitated or perhaps adsorbed on 
The acetate-fluoride mix- 
ture is dried to constant weight at 110° C 
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The second and third parts of this paper, 
to be published at a later date, cover 
the following subjects: 
Part !|—Determination of fluoride 

as thorium fluoride 

as zirconium fluoride 





as fluosilicic acid 


| 
| 
| 


Part Ill Determination of fluoride 


with titanium 
by spectrochemical methods 


in gaseous fluorides 
Miscellaneous 





| 

| in fluorocarbons 
| 

Lo 





ignited to the 
oxide at red heat without affecting the 
fluoride An of +0.3% in 
70 to 140 mg of fluoride was reported by 
this procedure (63). LaF, precipitated 
a solution containing 1 gm am- 
acetate and 0.6 ml glacial 
acid per 100 ml, has a LaF;: 
La(OAc); ratio of 2:1 (125). As 
little as 5 mg fluoride per ml has been 
easily precipitated, filtered, and washed. 
For 0.03-0.5 % 


fluoride, a corresponding nephelometric 


the acetate can be 


accuracy 


from 
monium 


acetic 


samples containing 
method can be used. 

LaF; is peptized by 
excess lanthanum Addition of a 
weak acid causes reprecipitation of an 
impure fluoride, which is not easily 
filterable. Even pure LaF; is not easily 
filtered and is further affected by the 
pH of the solution when precipitated in 
the presence of carbonate, oxalate, or 
The mixed precipitate, how- 


ever, is easily filtered (124). 


Precipitated 
ion. 


tartrate. 


Determination as yttrium fluoride. 
Yttrium fluoride is the basis of a useful 
volumetric determination of fluoride in 
ervolite when there is more than 0.25 
The fluoride 
neutralized to  phenol- 
and is then titrated with 
Y(NQOs); solution, using methyl red as 
an adsorption indicator. The cerium 
III) fluoride method should be used 
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mg F~ per ml of solution. 
solution is 


phthalein 


for smaller fluoride. 
When sodium, potassium, chloride, or 
nitrate ions are present in quantities 
between 0.01 0.04 gm/ml, the 
fluoride analyses by the yttrium method 
are 1-6% low. The presence of more 
1 mg sulfate per ml results in 


quantities of 


and 


than 
small positive errors. 

In samples containing 54% F-, a 
—0.2% 
yttrium method as compared to —0.5% 
by the cerium (III) method and —2% 
by the PbCIF determination (126, 127). 


deviation was found by the 


Determination as cerium (III) fluo- 
ride. This was thought to be a good 
compound for a fluoride determination 
because no stable fluoride complexes of 
trivalent cerium are known. The ti- 
tration, however, did not follow the 
curve expected from theoretical con- 
siderations; at some points, deviations 
were found to be as great as 4% (79). 

Methyl red is used as the indicator, 
and a permanent red color is taken as 
Like LaFs, cerium (IIT) 
Methyl 
red may indicate the endpoint by selec- 
tive adsorption. In the presence of 
excess cerium (III) ion, the precipitated 
CeF; adsorbs the indicator, and in the 
presence of excess fluoride ion, the CeF 
adsorbs fluoride (128). Another sug- 
gestion is that the acid color of methyl 
red appeers at the endpoint because of 
hydrolysis of excess cerium (III) ion. 

In the presence of much solid CeFs, 
the endpoint becomes uncertain due to 
adsorption. High values are obtained 
in the presence of sulfate ion; low values, 
in the presence of chloride, while nitrate 
ions apparently have no effect (80). A 
mixed indicator of methyl red and the 
monosodium salt of bromocresol green 
has been used for quantities of fluoride 
greater than 0.02 mg when titrated with 
Cet+++. If less than 0.02 mg F™- is 
present, the same indicator can be used 
for the thorium titration (129). 

An indirect titration by the addition 
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the endpoint. 
fluoride is not easily filtered. 














of a known quantity of cerium (II]) ton, 
followed by the oxidation of the excess 
neutral 


Ce*** with permanganate in 


solution, is cumbersome because it is 
necessary to filter off the MnQ., CeF 
and Ce(OH), mixture just before the 
endpoint to prevent adsorption of per- 
manganate by the solids. 

Because of adsorption of fluoride on 
precipitated CeF;, it is almost impos- 
sible to determine the endpoint poten- 
tiometrically. In CeF, is 
only slightly soluble, but. still 
soluble than CeF;. By use of a ferri- 


evanide-cerium 


addition, 
more 


(II1)-potassium ferro- 
cyanide electrode, the potentiometric 
Cetr? 
which is added to the fluoride, can be 
titrated with 


titration is possible. Excess 


ferrocyanide. If large 
amounts of foreign salts are present, no 
break is observed in the titration curve 
An average error of +0.3% was found 
in samples containing 47% fluoride in 
the range from 0.1 to 0.5 mg fluoride 
(130, 131). 


Determination by formation of tho- 
rium fluoride. as ThF, 
and ignition to ThO, was first suggested 


Precipitation 


the method resulted in an 
error of 1-10%. 
carried out 


(44), but 
The precipitation was 
in neutral solution. It is 
not certain that ThF, can be precipi- 
tated without the simultaneous forma- 
Later it 
reported that the compound precipi- 
tated ThF,4H.O and that this 
could be ignited to either ThF, or ThO:, 
1$2, 183). A 
method involves precipitation of ThF,- 
1H.O by After 
filtration of the fluoride precipitate, 


tion of some NasThFs. was 


was 
modification of the 


excess thorium ion. 
excess thorium is precipitated as tho- 
rium oxalate, which is subsequently 
oxidized with permanganate (134). 
The first direct volumetric applica- 
tion of the thorium fluoride precipita- 
tion was with sodium alizarinsulfonate 
and zirconium 
«5H.O] as the indicator, with 


(alizarin red) nitrate 


[Zr(NO 
30 


-1.7% (135). <A 
decrease in the sharpness of the end- 


an average error of 


point was reported in the presence of 
ThF,. 


| ,2,5,8-tetrahydroxyanthraquinone) 


large amounts of Quinalizarin 
was also suggested as a substitute for 
the sodium alizarinsulfonate. Because 
Zr** forms an insoluble fluoride, it was 
felt that sodium alizarinsulfonate would 
be a better indicator than zirconium 
Since both the dye 


and the resultant lake are adsorbed on 


alizarinsulfonate. 


the precipitated thorium fluoride, the 
method is best for quantities of fluoride 
less than 1 mg (136, 137). 

Zirconium has been omitted from the 
the determination of the 
quantities, 0.5-5.0 
occurring in natural 
138), after concentration of the solu- 


indicator in 
minute ppm, of 
fluoride waters 
tion by evaporation at a pH alkaline to 
litmus or phenolphthalein. 

Phosphorites with a low P.O; content 
and a high aluminum and silica content 
have been satisfactorily titrated with 
thorium using zirconium or sodium 
alizarinsulfonate indicator (139) after 
an H,SiF, distillation. A higher phos- 
phate content requires two distillations: 
the first from sulfuric acid, the second 
from perchloric acid (135, 140). 

A single perchloric acid distillation 
has been reported to yield an average 
102.4% Such 
positive “perchloric or sulfuric acid 
errors”’ have been ascribed to a volatile 
constituent of the acid (141). A col- 
laborative comparison of the pertitanic 
acid method with the double-distillation 
method followed by a thorium titration 
indicated that the titanium 
always vields slightly lower analyses 
than the thorium method. The first 


recovery of fluoride. 


method 


distillation was from perchloric acid; 
The 


high thorium titration values appear to 


the second was from sulfurie acid. 


be due to a decomposition product of 
the sulfuric acid. 
The positive errors have also been 


ascribed to the presence of chloride and 
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because of their “salt 
the alizarin lake. This 

salt effect’’ is not eliminated by the 
use of a monochloracetate buffer in the 
143); in fact, one might 
suppose that such a buffer would intro- 
duce a “salt error.” While 
sulfate and phosphate are potential 
they cause a 
greater error because of the insolubility 
of thorium phosphate and the slight 
ionization of thorium sulfate. Addi- 
tion of AgsSO, (14) or AgClO, (144) to 
the distillation flask eliminates volatil- 


perchlorate 
effects”? on 
titration (142, 
greater 


‘salt errors,” 


sources of 


ization of chloride. 
Ammonium or potassium produces a 


smaller ‘‘salt effect’’ than does sodium. 
It has been suggested that K.:ThF, and 
(NH,):ThFs may be more soluble than 
NasThF,; thus, the difference in 
effects’? may be explained. The possi- 
bility of an insoluble ThF,SO, has also 
been hypothesized (1445). 

The “‘salt effect”’ of the neutralized 
perchloric acid has 
ascribed to the partial coagulation of 
the lake (146). No error is found if the 
unneutralized distillate is titrated. If 
only thorium ions are present, ThF, is 
precipitated; when the distillates are 
neutralized with sodium hydroxide, 
ThF,-NaF is precipitated (144). 


‘salt 


solution been 
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Radioactive Dust Separation Equipment (Continued from page 23) 





experience and knowledge which is now 
available in this special field, general 
basie design criteria should be estab- 
lished. These design considerations 
should include those of health hazards, 
economics, logical engineering design, 
and safe operating practice. The theo- 
retical considerations upon which the 
design of equipment is based must be 
thoroughly understood, as well as the 
practical limitations which are imposed 
by other more tangible factors. 

The establishment of basic design 
criteria would be aided immeasurably 
if research and development were 
directed not only to establish new col- 
lection techniques and improve effi- 
ciencies of present ones, but also to ob- 
tain information along the following 
channels: 

1. Establish performance data of dust 
removal equipment versus particle size 
and inlet concentration through con- 
trolled test techniques. 
Prepare curves of performance data and 
intercorrelate the variables of particle 
size, concentration, pressure drop stages, 
and efficiency of removal for various 
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suspension 


types of equipment. Combine with 
theoretical calculations to extrapolate 
for other conditions. 

2. Establish series of stack-gas data 
showing concentration, particle size, 
thermodynamic conditions, and relative 
radioactivity. Intercorrelate particle 
size and concentration. Establish reli- 
able test methods for sampling, analysis, 
and physical measurements. Inter- 
correlate with test suspension data. 
Intercorrelate with theory of behavior 
of settling and Brownian motion. 

8. Evaluate more thoroughly health 
physics specifications, with the view of 
easing present specifications through 
raising of tolerance values, employment 
of dilution, and evaluation of retention 
percentage. Set outlet concentrations 
according to health specifications (pres- 
ently set as the limit of what can be 
presently achieved). Compromise if 
possible on removal down to a certain 
particle size and dilution of the remain- 
der, remembering that this is subject 
to agglomeration with larger inert 
particles. Retention percentage should 
be investigated. —END 
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Effect of Weak Betas on the Breakdown 
of Dielectric Gaps 


Experiments indicate that beta-ray irradiation of gaps in electric cir- 
cuits not only reduces spark-over voltage, but also decreases the range of 


such voltage. 
and lightning arresters. 


This may allow closer control of voltage in circuit breakers 
The work reported here was done to investigate 


application to electroventing—using sparks to form holes in materials 


By JEROME J. SURAN* 


John W. Meaker & Co., 


PHENOMENA associated with electric 
breakdown of dielectric 


completely understood, but it is known 


gaps are not 


that a factor associated with breakdown 
is the occurrence of ionized particles in 
the gap at the time the critical break- 
field is applied. Without the 
presence of such ‘‘free”’ electrons as are 


down 


released in the ionization of atoms from 
breakdown 
By increasing 


external radiation sources, 
could not be initiated. 
the probability of occurrence of ions or 
electrons in the dielectric gap, the 
breakdown voltage may be decreased 
from that required under normal back- 
ground conditions. 

The effect of beta radiation on the 
breakdown characteristics of several 
dielectrics was investigated. A 0.65- 
Mev Sr*° and 2.16-Mev Y*° mixture on 
gold foil served as the beta source. f 

The electrode geometry used in the 
The radio- 
active foil was 


Electrostatic Geta a 
shield? / source 


study is illustrated below. 
rectangular 
strip, 5 mils 
thick, having 
an active sur- 
face of 1 X 4 
inch. It 
curved on the 





High-voltoge source 


i]t] 


was 


anode side to 


New York, Ne w York 


impart a velocity toward the cathode to 
The 
electrodes were brass cylinders 0.38 cm 
in diameter and were electrostatically 
shielded in the isotope vicinity except 
To prevent an elec- 
tric field concentration at the sharp 
edges of the cylinder’s perimeters, the 
electrode gap faces were machined to an 
Prior 
to the breakdown tests, the electrodes 


the betas in the anode region. 


for the gap faces, 


approximately convex surface. 


were electrically conditioned { to insure 
against variations arising from surface 
changes in the metal due to the sparking 
phenomena. 

When solid dielectrics were investi- 
gated, the Sr*® source was positioned 
above the cathode in such a way that 
the active surface of the foil presented 
a spherical segment to the center of the 
anode gap face to permit the beta 
particles to be accelerated through the 
dielectric and towards the anode. 

The voltage is 
defined as that d-c voltage required to 
constant arc 


breakdown here 


initiate and maintain a 


across a dielectric gap. 


* Presently connected with Motorola, Inc. 
tT Manufactured by the United States Radium 
Corporation and is specified as containing 250 
f Sr. 
G. Trump et al. Influence of electrodes 
on d-c breakdown in gases at high pressure, 
Elec. Eng. 69, 961 (1950). 
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Results for Air Gaps 


{verage breakdown 
voltaget (d-c) 


EB, 


Gap 
length* 


(inches EB 


Probable error 
ye 


PE, 


0.008 
0.016 
0.042 
0 OS3 
0.125 
0.167 
0.188 


1,140 
1,420 
2? O50 
3.390 
4.200 
4 GSO 
5,599 


1,070 
1,370 
1,600 
2,520 
3,720 
4,670 
5,060 


* Measurement is accurate to + 10 %. 


+t Measurement is accurate to +2 % 





The tabulation above shows the 
average breakdown voltages for normal 
background (£B,) and irradiated con- 
ditions (£B,), together with the asso- 
ciated probable errors (PE, and PE,) 
based on Gaussian probability. The 
source was placed 14 from the 
center of the gap, and the activity was 
measured as 2,500 mr/hr at a distance 
of | 
conditions). 

If the reduction in breakdown voltage 
resulting from exposure of the gap to 


the Sr 


inch 


inch (in air under standard room 


source is expressed as a percent- 
age given by 

. _ EB, — EB, 

i EB, 
and is plotted against EB,, a curve such 
as that shown at the right is obtained. 
{n optimum gap length exists, which 
here is approximately 80 mils, corre- 
sponding to the normal breakdown 
voltage of 3,400 volts d-c, where the 
reduction in breakdown voltage is most 
pronounced. As gap size is increased 
above an optimum value, the effective 
ionization per unit volume of dielectric 


x 100 


apparently approaches a constant, 
Beta radiation also reduces the break- 
down strength of such solid dielectrics 
as cellophane (du Pont DSB white, 
0.001 1-inch gage per single ply). With 
the Sr®° source, the reduction in break- 
down voltage is as high as 10% for a 


cellophane gap of one mil. For gaps 
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from 2-5 mils long, the reduction is 
approximately 3%. Paper dielectrics 
(Alabama Swedish krafts) 
similarly. 

Polyethylene and polyviny!.chloride 
gaps from 2-5 mils were investigated 
for radiation effects. Although reduc- 
tions from 1 to 7% of the normal break- 


and acted 


evidenced, the 
with the 


down voltage were 


probable errors associated 


averages were of the same order of mag- 
and results were 


nitude hence the 


inconclusive. 





uw 
oO 


ES ae 
Meosured activity: 


2500 mr/hr ot 
t—/ inch + t 


a Se Se 


uo 


% Voltage reduction due to radiation 











fe) 
Breakdown voltage (volts) 


Per cent voltage reduction vs normal 

breakdown voltage for gap irradiated by 

Sr* foil at radius of 4; inch from gap 
center 


Experimental conclusions. Beta ra- 
diation of 2,500 mr/hr intensity (at 1 
inch air range) from a Sr®-Y*° source 
will breakdown 
strength of most dielectric 
materials. For air, this reduction will 
amount to as much as 25%. For di- 
electric solids, the reduction is as high 
as 10%, although the results are less 
consistent than those for air gaps, A 
radiated air gap will break down at an 
indicated breakdown voltage with much 
more certainty than a gap under normal 
background conditions. For a-c volt- 
ages of 60-cycle frequency, the radia- 
effect: upon breakdown 
characteristics — is the 
—END 
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reduce the electric 


common 


dielectric 
approximately 


tion 


same as that for a d-c potential. 

















BEPO: British Experimental Pile 


Construction details for this larger of two Harwell piles 
have just been released. Graphite moderated and air 
cooled, Bepo has been in operation more than two years 


British Pile) is 
the larger of the two piles* built at the 
Energy Research Establish- 
ment, Harwell, England. It has been 


sEPO experimental 


\tomuic 


in operation for more than two vears 

Bepo is a graphite-moderated, air- 
thermal- 
The 
critical loading is 28 tons of uranium 
metal; the full uranium load of 40 tons 


pie with a central 


cooled 


neutron flux of 10'? n/em?/sec 


gives rise to an excess reactivity which 
can be used for experimental purposes 
or for producing isotopes. The air 
cooling system was designed to limit 
the maximum surface temperature of 
the fuel elements to 200° C. 

The general construction of the pile 
is shown in the diagram. The reacting 
a cube of graphite with 26-ft 
this 1,849 


channels each about 316 In.’ in cross 


part is 
cube 


sides. Through pass 


section with 7!4 in. between centers. 
The central 900 of these channels can 
hold 


cylindrical rods 12 in. long and 0.9 in. 


bars of uranium machined into 


in diameter. The rods are encased in 
aluminum to prevent oxidation of the 
uranium and escape of fission products 
into the cooling air. 

Twenty uranium bars are placed in 
each channel, leaving three feet empty 
at each end. The channels are loaded 
starting with the central ones until a 
right cylinder 20 ft long and 10 ft in 
radius is formed. The graphite sur- 
this central 
reflect neutrons which would otherwise 


rounding core serves to 


escape from the central system. 


* See the article on GLEEP, the smaller of 
the two, in Nucteontice 8, No. 1, 3 (1951) 
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In addition to the main channels the 
graphite moderator is perforated with 
The mod- 
erator is built up of blocks each 714 
x 74 X in. 
in their surfaces so that all the necessary 
after 
The 850 tons of graphite in the modera- 
tor is made up of 25,000 such blocks. 

Blocks of graphite forming thermal 


holes for experimental use. 
Grooves are machined 


holes are provided assembly. 


columns project from the top and one 
side of the main moderator. 

The main outer structure of the pile 
is a reinforced concrete and steel shell 
lined with cast iron plates 6 in. thick. 
A total of about 3,000 tons of concrete 
The 


radiation level outside when the pile is 


and 600 tons of steel were used. 


running at full power is twice that which 
exists when the pile is fully shut down. 
The shield 


initial attenuation of 


cast iron provides an 
thermal 


neutrons and gamma rays so that the 


large 


bulk of the radiation energy escaping 
into 
From here the heat can easily 


from the reflector is converted 
heat. 
be transferred to the cooling air stream 
circulating past the sides of the cast 
iron. In this way high temperatures 
in the concrete are avoided. 

About 180,000 ft?/min of air is re- 
quired to cool the pile. This air is 
drawn through the pile, in a single-pass 
system, by a number of exhausters 
situated between the pile and the main 
stack. A filtering system is 
to keep radioactive dust from 
reaching the 200-ft-high stack. 

The cooling system uses an induced 
air draft rather than a forced draft. 
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exhaust 


used 








Typical. 2mm codmium, 
uranium - 7-in. bismuth . 


/2-in. sectional lead 
door 


_--7#6-in 





chaonne/ jn air gop ~‘, : 
“Beton 
Bridging 
section 


reinforced concrete 


_ -6f¢ ig-in 
removoble graphite 


-Air inlet volve 


SLOLEEEEEE 


Unload face 





Load foce 


ose Y oe @ ola do ooo and 


Floor 
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Lite Ad. 





j 
6-in. cast iron 
floor plotes 


3-in cast iron~ 
plotes 





Bypossed oir for 
concrete and duct 
cooling 


‘Concrete 
foundotions 








Longitudinal cross section of the British Experimental Pile 


This establishes a negative pressure 
within the pile with respect to atmos- 
Leakage at the many 
through the shield wall thus involves 


fresh air inwards and not activated air 


phere. holes 


or dust outwards. 

The 900 fuel channels are connected 
at both the air inlet and outlet ends by 
$-ft-wide which extend 
the whole graphite face. The headers 
are connected to the 10 X 8-ft under- 
ground reinforced concrete ducts of the 
main air system. 

The pile is loaded by pushing in a row 
of slugs from the load face of the pile. 
It is unloaded by means of steel rods 
push the irradiated uranium 
slugs out through the unload face 
into a lead-shielded container. Holes 
through the shield are plugged to pre- 
vent escape of radiation except when 
an individual channel is being loaded 
or unloaded. Holes through the shield 
are stepped so there is no direct path 
for the escape of radiation. 

Control of the pile is effected by four 
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headers over 


which 


boron-carbide-filled hollow steel rods 
2 in. in diameter. 
horizontally into the side of the pile. 
When fully inserted the rods extend 


These rods 


These are introduced 


across the reacting core. 
can be accurately positioned by push- 
button controls. A second system of 
10 similar rods, known as shut-down 
the pile. 
They have two positions only, in or out. 
When both systems are fully inserted 
the fission rate within the pile is about 


rods, operate vertically in 


a milliwatt. 

Two methods of measuring the pile 
The first is a heat- 
balance measurement in the cooling air. 
This, although accurate, has a slow 


power are used. 


response because of inherent time lags 
in the system, and is of no use for instan- 
taneous control. The second method, 
essentially instantaneous, measures the 
thermal-neutron flux. This method 
employs ionization chambers within the 
pile shield which produce a small cur- 
rent proportional to the thermal-neu- 
tron flux at that point. —END 
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A Manual 
Therapy, edited by 
Academic Press Inc., 
310 pages, $6.80. 


of Artificial Radioisotope 
Paul F. Hahn, 
New York, 1951, 


This textbook is limited to the thera- 
peutic field. It is by 16 very able pio- 
Hahn, himself, 


brief preface and a short and pointed 


neers, contributes a 


analysis of the features that make a 
radioisotope valuable for therapy with 
mention individually of the two dozen 
He gives 46 pages 


to the treatment of ‘lymphoid-mac- 


most promising ones, 
rophage diseases’? by which he means 
leukemias and lymphoblastomas, with 
radiocolloids. This chapter has many 


interesting case reports. Almost no- 
body else uses Mn*? and Au'®* this way. 

Charles Stroebel and Byron Hall take 
12 pages for P*? in treatment of poly- 
eythemia and leukemia, the usual iso- 
tope to use, 

Hahn’s fourth contribution is a 19- 
page summary of his development of 
colloidal gold by direct injections for 
treatment of 


the palliative cancers, 


also by injection for 
Andrew H. 


Dowdy gives a 5-page introduction. 


intraperitoneal 
peritoneal implantations. 


Terminology and standards are cov- 
ered precisely by Robley Evans, with 
the few really necessary equations and 
graphs and tables of constants. 

Edith Quimby gives dosimetry of 
internally administered isotopes in 16 
pages, as understandably and briefly as 
is possible for this difficult subject. 

The 14-page chapter on isotope pro- 
Paul Aebersold, chief 
of the AEC Isotopes Division. Health 
physics, 17 pages, is by Karl Z. Morgan, 
who is director of the Health Physics 
Division of Oak Ridge. 
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curement is by 


Raymond L. Weiland, of Meharry, 
gives instrumentation 24 careful pages 
containing what electronic diagrams 
(5 of them) are necessary to an under- 
standing of the fundamental instru- 
ments of the isotope laboratory. 


tulon W. Jack B. 
Trunnell of Hospital con- 


Rawson and 
Memorial 
tribute in 35 pages a thorough and 
understanding essay on cancer of the 
thyroid treated with I! 


ceded by 36 pages on diagnosis and 


This is pre- 


treatment of hyperthyroidism by John 
B. Hursh and John W. Karr of Roches- 
ter. C. P. Leblond and J. 
MeGill covered the subject of 
autoradiography beautifully in 23 pages, 


Gross of 
have 
describing carefully the useful tech- 
niques, generously illustrated. 

The final chapter is a brief (10-page) 
description by Edith Quimby and Carl 
Braestrup of Columbia telling what is 
necessary in talent and equipment to 
hospital isotope 
Isotope work is difficult and tedious and 
little of it is essential in medical prac- 


set up a program. 


tice. These authors say: “This sounds 
like a formidable amount of preparation 
for what may turn out to be a compara- 


tively small program.”’ They estimate 


at the least $2,500 for instruments and 
somewhat more for space, ete. But it 
would be easy to spend $50,000 “‘with- 
out being extravagant.” 

On the whole the book approaches 
what we have been waiting for. Not 
only isotope specialists but also radiolo- 
gists interested in therapy will want this 
book for practical reference as well as 
for teaching their pupils. 

R. R. Newe tu, M.D. 
Stanford University School of Medicine 
San Francisco, California 


Cosmic Rays, by Louis’ Leprince- 
Ringuet, Prentice-Hall, Inc., New York, 


1950, ix + 290 pages, $6.65. 


This addition to the scientific litera- 
ture is a translation from the original 
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French by Fay Ajzenberg of the Uni- 
versity of Wisconsin. 

Louis Leprince-Ringuet has made 
contributions to the 


The book 


is an excellent description of the way 


many important 


study of cosmic radiation. 


cosmic-ray research is carried out on 
the continent of Europe, especially by 
the French. Excellent pictures are 
shown of the laboratories that are in- 
volved in this work, together with good 
plates of various observations on cos- 
The latter half 
of the book is a good discussion of the 
present status of our knowledge of the 


inusual radiation that constantly bom- 


mic-ray phenomena. 


bards the atmosphere and our present 
interpretation of the reactions of this 
radiation. 

The description of Yukawa’s theory 
on page 213 is excellent for one versed 
in the higher mathematics, including 
mechanics. The tenor of the 

the book indicates that it is 
for an audience not of this 
It would seem to the reviewer 
that a simpler explanation of the devel- 


wave 
rest of 
intended 
nature. 


opment of the theoretical concept of the 
books 


would have been somewhat better for 


meson as portrayed in other 
this purpose. 


On page 235, the statement is made: 


‘Heavy positive mesons decay at rest 


and form stars.” The reviewer knows 
of no experimental evidence for this 
statement. The reactions of r~ lead to 
stars. 

There are several more or less trivial 
which should be 
directed. On page 45, the 
statement ‘‘ Anderson and Neddermeyer 
at Pike’s Peak,” referring to Plates 3.3 
and 3.4 which show Valley’s equipment 
on Mt. Evans. On page 93, neither 
figure 38 nor the accompanying text 
identifies the letters used in that figure. 


errors to attention 


there is 


On page 103, the statement is made that 
field .. 
with such essential airplane devices as 
paragraphs — later 
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the “magnetic plays havoe 


compasses 3 Two 


Anderson’s experiments with a power- 
ful magnetic field used in a B-29 are 
The statements are 
somewhat inconsistent. On page 153 
the notations on Plates 10.4 and 10.5 
are interchanged. 

A somewhat unusual statement, 
which occurs in the Note to the American 
Edition in the preface of the book, says 
that ‘‘American and English physicists, 
liberated partially at least from the 
development of atomic weapons, have 
returned to their studies.”’ The orig- 
inal French edition of the book is not 
available to the reviewer and this may 
I doubt 
that many American physicists would 
admit that they 
during the war for the development of 
atomic weapons, nor were they under 
any compulsion to engage in these devel- 
opments for than 
national loyalty and a sense of duty. 

The reader interested in the philoso- 
phy of scientifie studies will find a great 
deal of interest in the chapter on ‘‘The 
Personality of Radiation.” 
This chapter portrays very well the 


discussed. two 


be an unfortunate translation. 


were incarcerated 


any other reason 


Cosmic 


intense impulsion which drives the stu- 
dents of these natural phenomena. 
UrNER Lippe. 


Department of the Navy 
Office of Naval Research 


BOOKS RECEIVED 


Radiochemical Studies: The Fission 
Products (Div. IV, Vol. 9, of National 
Nuclear Energy Series; 3 books in the 
set) edited by Charles D. Coryell and 
Nathan Sugarman, McGraw-Hill Book 
Co., Ine., New York, 1951, Ixv + 2,086 
pages, $18.50 per set. 





A New Theory of Gravitation, by Jakob 

Mandelker, Philosophical Library, New 

York, 1951, 26 pages, $2.75. 

Our Atomic Heritage, by Arnold B. 

Grobman, University of Florida Press, 
(Continued on page 54) 
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Vasodilation and Vasoconstriction Studies with P*** 


By R. M. Sodarot and C. W. Sheppard 
Health Physics and Biology Divisions, Oak Ridge National Laboratory 
Oak Ridge, Tennessee 


Acceptable methods exist for short-term labeling of mammalian eryth- 


rocytes with radiophosphorus tn vitro and their subsequent use in determin- 


ing blood volume. tf 
use of externally applied G-M counters 
is now a familiar principle. 

These techniques have been com- 
bined to determine changes in the rela- 
tive amount of blood circulating in the 
ear of the rabbit produced by the 
injection of vasodilating and vasocon- 
stricting drugs. 

During the experiment the animal is 
rabbit 


method of 


constrained in a conventional 


Fig. 1 
applying the G-M tube to the rabbit 


box shows the 


* Work done under contract W-7405-Eng-26 
for the Atomic Energy Commission 
+ National Research Council Fellow in Radi- 
Oolong al Phy s1cs8 
166, 226 


Nieset et al., Am. J. Physiol 


Relative measurement of radioactivity in vivo by the 


ear. Any thin, cylindrical, glass count- 
ing tube such as the Tracerlab TGC-5 
can be employed. The clamp used for 
securing the ear gives stable mechanical 
support yet minimum interference with 
The counting rate was 
recorded with a General Radio 1500A 
count-rate meter and Esterline Angus 
A simple lab- 


ear circulation. 


recording milliammeter. 


oratory instrument might be 


adapted to such a measurement. 


survey 


Some preliminary experimentation 1s 
required to obtain a convenient count- 
+.3-kg 
injection of 43 


ing rate. In our experience a 


animal required the 























FIG. 1. 


Experimental arrangement for clipping G-M tube to rabbit’s ear 
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Helotivé e@or femperature 


FIG. 2. Vasoconstriction produced by 
1 cm! of adrenalin (1: 10,000) 


the 
opposite ear. In this way a convenient 
mid-seale reading on the 20,000-cpm 


microcuries by marginal vein in 


scale was obtained. 

The biggest source of variation.will be 
the variable wall thickness of different 
G-M tubes. 
cessive injections until a satisfactory 


It is possible to make suc- 


counting rate is reached. 
the 
scribed the milliammeter chart, 
after the animal was injected with | em4 
(1:10,000). A simul- 
obtained of the 
voltage 12-junction 
iron-constantan thermopile attached to 
that the 
counting rate closely follows the ear 


Figure 2 shows results, tran- 


from 


of adrenalin 


taneous record was 


produced by a 


the same ear. It is seen 
temperature during the vasoconstric- 
tion episode. 

Figure 3 shows the result of injecting 
0.5 mg of histamine acid phosphate. 
The resultant flushing is more correctly 
shown by the radioactivity record than 


by the ear since the 


— 
yo activity 


temperature, 


lemperoture 
-_" . 


—' ——aw 
2 3 4 


Time (min) 





FIG. 3. Vasodilation produced by 0.5 mg 
histamine acid phosphate 
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radioactivity should be closely propor- 
tional to the volume of blood in the ear. 
Under normal conditions of vascular 
tene and room temperature, the tem- 
perature of the ear will be close to the 
physiological value. Thus, increasing 
the blood in the ear will not materially 
increase the ear temperature. 
> * . 


The authors wish to thank Drs. Jacob 
Furth and J. B. Kahn of the Oak Ridge Na- 
tional Laboratory for their interest and 
assistance during the performance of this 
work. 





Household Foil Shields 
Counter Cables 


By Allen McDonald 


Metallurgical Laboratories 
Sylvania Electric Products, Inc. 
Bayside, Ne w Yor k 


Spurious counts of external origin 
frequently interfere with counting of 
radioactivity. In this laboratory, the 
electromagnetic field of an induction 
heater on the floor above caused spuri- 
ous counts in a proportional counting 
arrangement. 

The counter had been connected to a 
sealer by a cable shielded with wire 
mesh. By forming an antenna-like 
loop in this cable, it was possible to 
change the background counting rate 
by holding the loop in various positions. 
This was 
traced to the induction heater. 

Wire-mesh r-f shielding not 
attenuate all frequencies equally. It 
was felt that a solid shield would elimi- 


was how the interference 


does 


nate the interference. 

Ordinary pipe could have been used 
as the shield, but it would have been 
bulky and inflexible. We found that 
the spurious counts were eliminated 
when the cable was wrapped with house- 
Scotch tape held 

—END 
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hold aluminum foil. 
the foil in place. 














NUCLEONIC EVENTS 








TWO MORE GROUPS PLAN INDUSTRIAL REACTOR STUDIES 


Negotiations are nearing completion for two additional groups to study the 


feasibility of dual-purpose nuclear reactors for the production of plutonium 


and power, according to an announcement last month by the Atomic Energy 


Commission. 
firms who will participate in the studies. 
It had been previously announced that 
the Monsanto Chemical Company of 
St. Louis (with its associate, the Union 
Electric Company of Missouri, of St. 
Detroit 
pany of Detroit together with the Dow 
Chemical Company of Midland, Mich., 
were interested in the feasibility studies 
NU, Feb. ’51, p. 86). The additional 


two proposals were submitted by the 


Louis) and the Edison Com- 


Commonwealth Edison Company to- 
Public Service Com- 
Illinois, 


and the Pacifie Gas and Electric Com- 


gether with the 


pany of Northern Chicago, 


pany together with the Bechtel Cor- 
poration of San Francisco. 

The maximum time permitted for 
each study is twelve months after sign- 
ing of the AEC’s letter of agreement. 

Agreements have already been signed 
with the Dow Chemical-Detroit Edison 
group and with Commonwealth Edison- 
Public Service of Northern Illinois 
group. The Pacific Gas and Electric- 
Bechtel group has indicated its accept- 
ance of the agreement. Negotations 
are nearing completion with the Mon- 
santo Chemical Company. 

Consideration by the Commission of 
additional proposals will be postponed 
for the time being, since it is felt that 
four study projects is the maximum 
that can be carried on simultaneously 
in view of the demands that will be 
placed on technical personnel of the 
AEC and its laboratories and contrac- 
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This brings to four the total number of groups of industria] 


tors. The two laboratories principally 
concerned are Argonne National Labo- 
ratory at Chicago and Oak Ridge 
National Laboratory at Oak Ridge. 

In general, the terms of the agree- 
ments already executed provide that 
the groups will make a survey and study 
of the Commission’s reactor develop- 
ment to (7) determine the engineering 
feasibility of their designing, construct- 
ing, and 
power-producing reactor; (2) examine 


and operating a materials- 
the economic and technical, aspects of 
building this reactor in the next few 
(3) determine the research and 
development work needed, if ‘any, be- 
fore such a reactor project can be under- 
taken; and (4) offer recommendation in 


years, 


a report to the Commission concerning 
such a reactor project and industry’s 
role in undertaking and carrying it out. 

All costs will be borne by the com- 
panies with the exception of costs to 
AEC incidental 
to making information and consulta- 
available. The distri- 
bution of the final report submitted 
on the project will be determined by 
the Commission, 


and its contractors 


tion services 


AEC will grant security clearance 
after an FBI background investigation 
for a sufficient number of company 


The 


number of cleared company personnel 


personnel to carry out the study. 


who will have access to reactor instal- 
lations will be limited to 15. 
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OAK RIDGE SUMMER SYMPOSIUM 
PROGRAM ANNOUNCED 

The 1951 Oak Ridge Summer Sym- 
posium, which has as its topic ‘The 
tole of the Engineer in Nuclear De- 
and which will be held in 
Oak Ridge, Tenn., from August 27 to 
September 7, scheduled eight 


These sessions will 


velopment” 


has 
technical sessions. 

morning hours and are 
planned to include the following talks: 


August 27: Registration and opening 


occupy the 


addresses; The Contributions of Engi- 
neering to Nuclear Energy Development, 
by J. A. Long-range Reactor 
Planning Group, ORNL; and Elemen- 
Nuclear Concepts—I, by A. M. 
Weinberg, Research Director, ORNL. 
August 28: 
{tomic Power, by 
Chief Economist, 


Lane, 
tary 
Economic Aspects of 
Sam H. Schurr, 
U. S. Bureau of 
Mines; and Elementary Nuclear Con- 
cepts—II, by A. M. Weinberg. 

August 29: Elementary Nuclear Con- 
III, by A. M. Weinberg; Stable 
Manson Bene- 
National Research Corporation; 


cepls 
Isotope Separations, by 
dict, 
and A Simplified Approach to Reactor 
Calculations—I. 

August 30: Elementary Nuclear Con- 


cepts—IV, by A. M. Weinberg; A 


Simplified Approach to Reactor Calcula- 


tions—II; Standards of Radiological 
Protection and Control, by K. Z. Mor- 
gan, Director, Health Physics Division, 
ORNL; and Survey of Reactor Types, 
by N. F. Lansing, Reactor Technology 
Division, ORNL. 

September 4: The Materials of Reac- 
tor Construction—I, by G. E, Evans, 
Physies Division, ORNL; A Simplified 
Approach to Reactor Calculations—III; 
The Chemical Problems in the Develop- 
-I, by J. A. Swartout, 
Acting Director, Homogeneous Reactor 
Project, ORNL; and Environmental 
Problems of Radioactive Waste Materials, 
by R. J. Morton, Health Physies Divi- 
sion, ORNL. 

September 5: A Simplified Approach 
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ment of Reactors 


to Reactor Calculations—I1V; Thermal 
Problems in Reactor Design, by R. N. 
Lyon, Reactor Technology Division, 
ORNL; and Jnstrumentation and Control 
of Reactors, by J. D. Trimmer, Physics 
Department, University of Tennessee. 
September 6: The Materials of Reac- 
tor Construction—II, by G. FE. Evans; 
The Chemical Problems in the Develop- 
II, by J. A. Swartout; 
The Treatment of Radioactive Wastes, by 
W. K. Eister, Chemical Technology 
Division, ORNL; and Hazards Associ- 
ated with Low-power Research Reactors, 
by M. M. Mills, North 
Aviation Corporation. 
September 7: Panel Discussion on 
Nuclear Engineering with 
R. C. Ernst, Dean, Speed Scientific 
School, University of Louisville, as 
chairman. The subjects to be 
cussed by the participants include: The 
Scope of Nuclear Engineering, by A. M. 
Weinberg; The Nuclear Engineering 
Curriculum at North State 
College, by C. K. Beck, Department of 
Physics, North Carolina State College; 
The Impact of Atomic Energy Develop- 


ment of Reactors 


American 


Education 


dis- 


Carolina 


ments on the Training of Professional 
Engineers, by L. M. K, Boelter, Dean, 
College of Engineering, University of 
California; and The Oak Ridge School 
of Reactor Technology, by F. C. Vonder- 
lage, Director, Educational Relations 
and Training Division, ORNL. 

The symposium is open to all inter- 
ested individuals and is sponsored by 
the Oak Ridge National Laboratory 
and the Oak Ridge Institute of Nuclear 
Studies. Information on housing and 
other details concerning the symposium 
can be obtained from William Dryden, 
Box 117, Oak Ridge, Tenn. 


PITZER RESIGNS AS 

AEC DIRECTOR OF RESEARCH 
Kenneth 8. Pitzer, effective June 18, 

is resigning his Atomic Energy Com- 

mission post as director of research, to 

become dean of the College of Chemistry 
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of the University of California. Dr. 
Pitzer left his research activities at the 
University of California late in 1948 to 
accept a two-year term with the AEC’s 
research division and had extended his 
stay a half year beyond that. 

AEC Pike, in 
voicing the regret of the Commission 
at Dr. Pitzer’s leaving, said that the 
growing effectiveness of the AEC’s re- 
“can be attributed in 
Pitzer’s 


member Sumner T. 


search program 
considerable measure to Dr. 
eritical evaluation of research proposals 
ind scientific performance, combined 
with his sound business judgment.” 

Dr. Pitzer’s successor has not yet 


been selected 


WEST FACE OF BROOKHAVEN 
REACTOR DECLASSIFIED 


With the of 30-foot-high 


steel partitions to separate the declassi- 


erection 


fied from the classified area, declassi- 
fication of the west face of the nuclear 
reactor at Brookhaven National Labo- 
ratory in Upton, New York, has been 
made official. The declassification ac- 
tion, approved by the Atomic Energy 
taken to permit 
maximum possible use of the Brook- 


Commission, was 
haven reactor’s research capacities. 
Designed especially to accommodate 
a large number of simultaneous experi- 
ments in which neutrons are needed, the 
reactor is the nation’s largest research 
reactor and the only reactor in the 
northeast It began 
August 22, 1950 (NU, Sept. 50, p. 81). 
In addition to the facilities of the 
declassified west face, an unclassified 


operation on 


portion of the adjacent reactor labora- 
tory, where special equipment makes 
possible the study of radioactive sam- 
ples, has also been made available to 
researchers 

Scientists wishing to use these facili- 
ties will not need AEC security clear- 
FBI 


However, use of the declassified reactor 
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ance based on an investigation. 


facilities will be subject to approval of 
the laboratory director of the AEC. 
Those requesting such use will be re- 
quired to complete and sign a ‘‘ Person- 
nel Security Questionnaire,” including 
a listing of all affiliations, which will be 
reviewed by the Commission’s New 
York Operations Office. 


FRANCIS PERRIN NAMED 
TO HEAD FRENCH AEC 


Francis Perrin, professor of atomic 
and molecular physics at the College 
of France, has been officially named to 
the post of High Commissioner of the 
French Atomic Energy 
He had been performing many of the 
duties of the High Commissioner with- 
out title since Frederic Joliet-Curie was 


Commission. 


removed from the post in January. 


NORTH CAROLINA STATE OFFERS 
SUMMER NUCLEONICS COURSES 


North Carolina State College, Ra- 
leigh, N. C., will offer, beginning July 
23 and as part of its summer program, 
the second of two six-week courses cov- 
ering various phases of nucleonics. 

These courses are scheduled as part 
of the school’s full undergraduate course 
of study in Nuclear Engineering leading 
to the degree of Bachelor of Science 
in Nuclear Engineering and graduate 
program leading to the degree of Master 
of Science in Nuclear Engineering, * but 
are offered to non-students, as well as 
regularly enrolled students. Research 
workers, laboratory technicians, civilian 
defense personnel, and others desiring 
short specialized training in nuclear 
instrumentation, techniques in radio- 
activity, etc., may register for specific 
courses offered on the summer program. 

Among the courses tentatively sched- 
uled for the session starting on July 23 
are: Introduction to 


for six weeks 


* Undergraduate Curriculum in Nuclear 
Engineering at North Carolina State College. 
by C. K. Beck, Nucrteonics, January, 1951 
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Modern Physics, Nuclear Instrumenta- 
Physical Technology in Radio- 
Nuclear Physics, 
and Advanced 
Research opportuni- 
field of nuclear 
engineering are 


t10n, 
activity, Advanced 
Quantum Mechanics, 
General Physics. 
ties in the general 


technology and also 
offered 


closes on July 23. 


tegistration for this session 

The first such six-week session offer- 
ing similar courses was started on June 
11. Applicants for the 
accepted to the capacity of existing 


courses are 
facilities. Course descriptions, credit- 
hour information, ete., can be obtained 


from the college’s registration office. 


ORNL CYCLOTRON STARTS 
FULL-TIME OPERATION 

An 86-inch cyclotron is now in use at 
Oak Ridge National Laboratory, the 
Atomie Energy Commission announced 
It is the first such accel- 
and the first 
vertically 


last month. 
erator in the Southeast 
cyclotron to be installed 
instead of horizontally. 

A 250,000-volt radio-frequency sys- 
tem accelerates the protons to an energy 
of 20 Mev. The machine, which re- 
quired 500 tons of steel and copper, was 
designed, fabricated, assembled 
in the electromagnetic (Y-12) 
area of Oak Ridge. 


and 
plant 





NORWEGIAN-DUTCH REACTOR PROJECT COMPLETED 


It was disclosed recently in Oslo, Norway, that an international atomic 


research project, sponsored jointly by Norway and Holland, has just been 


completed. 
water reactor. 
year, is the second to be built in Western 
Europe outside Britain. The other is 
in France, where a second one is under 
construction, 

The Kjeller reactor is small in com- 
parison with much larger British 
models, and its rating of 100 kilowatts 
is 149 that of the larger of the two 
Harwell reactors. It will provide Nor- 
way and Holland with radioisotopes 
which heretofore had been supplied to 
these countries by Harwell. 

The seven tons of heavy water for the 
pile, which designed and 
structed entirely by Norwegians, were 
provided by Norway, while the three 
uranium, were provided by 


was con- 


tons of 
Holland. 

The project is to be controlled by 
a commission of three Norwegians 
and three Dutch representatives. Its 
charter provides for scientists and in- 
the two countries and 
from make fullest use of 
knowledge which is gained. 
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dustrialists in 
others to 


Established at Kjeller, Norway, the project includes a heavy- 
The reactor, which is scheduled to operate fully by July of this 


WEST RELAXES RESTRICTIONS 
ON GERMAN ATOMIC RESEARCH 


Last month the Western Allies re- 
defined restrictions on the use of certain 
radioactive elements by German scien- 
tists to permit a widening of German 
research into the ‘peaceful’ applica- 
tions of atomic energy. 

The action, taken by the Allied High 
composed of American, 
representatives, 


Commission 
British, French 
gives the Germans permission to sepa- 
rate uranium, 
thorium, beryllium and various com- 
pounds of these materials, and use 
Geiger counters and fourteen other 
types of radiation-measurement devices. 
The separation of uranium isotopes will 
be permitted under license but on a 
limited scale. 

It was announced by the Commission 
that the action was a matter of detailed 
technical classification rather than a 
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and 


isotopes, work with 








this connection, the 


Allies continued their ban on the con- 


new policy. In 
struction of nuclear reactors and tight- 
ened restrictions on the use of graphite, 
rare-earth metals, and mechanical vac- 
and 
Laws still remain 


uum vacuum diffusion pumps 


“to forbid German 
industry from participation in any part 


of the entire field of atomic weapons.’ 


THIRD 3-POWER CONFERENCE ON 
INSTRUMENTS HELD IN ENGLAND 


Harwell, England, played host to the 
third international cooperative program 
conference on radiation-detection in- 
struments for two weeks last month. 
American, British, and Canadian repre- 
sentatives to the conference discussed 
and appli- 
cation of these instruments and visited 
the facilities of British 
manufacturers, 


problems in the design 


instrument 


Representatives of the United States 
scheduled to attend were P. R. Bell 
(Oak Ridge National Laboratory), C. C. 
Gamertsfelder (General Electric Co.), 
R. W. Johnston (AEC Radiation In- 
strument Branch), J. B. H. 
(Brookhaven National Laboratory), 
H. D. Levine (AEC New York Opera- 
tions Office), F. R. Shonka (Argonne 
National Laboratory), and R. J. Watts 


(Los Alamos Scientific Laboratory) 


Kuper 


The British delegation included Denis 
Taylor, E. H. 
Sharpe, and K, 
Atomic 


Cooke-Yarborough, J. 
Kandiak, all of the 
Research Establish- 

ment at Harwell. George Cowper and 

I. L. Fowler of the Atomic 

Research Project at Chalk River repre- 


Energy 
Energy 


sented Canada. 


REACTOR SCHOOL TO TRAIN 
75 STUDENTS DURING '51-'52 


The School of Reactor Technology, 
established in March, 1951, at the Oak 
Ridge National Laboratory, will train 


representatives of 22 United States 
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during the 1951-52 
September, the 


industrial firms 
beginning in 

Energy 
Both industrial and gov- 
attend the 
and are paid by their employers during 
the training (NU, Jan. ’50, 
"50, p. 79; Nov. *50, p. 56). 
Of a total of 75 students who will at- 


term 
Atomic 


announced. 


Commission recently 


ernmental trainees school 
period 


p. 95; June 


tend the 12-month term, 24 candidates 
are sponsored by the industrial firms 
The 


remaining 43 are recent college gradu- 


and 8 by Government agencies. 


ates selected primarily on the basis of 
their potential contribution to reactor 
development phases of the national 
atomic energy program. 

During the current 1950-51 term, a 
total of 43 students attended the school, 
including representatives of only 4 
private companies. 

Industrial which have 


1951-52 


firms spon- 


trainees for the term 


SC yred 


include the following: 


Allis-Chalmers Manufacturing Company, Mil- 
waukee Wis. 

J. T. Baker Chemical Company, Phillipsburg, 
N. J 

Boeing Airplane Company, Seattle, Wash. 

Brown Instruments Division of Minneapolis 
Honeywell Regulator Company, Philadel- 
phia, Pa. 

Byron Jackson Company, Vemon, Calif. 

California Research and Development Com- 

San Francisco, Calif. 

service Research and 
Company, New York, N. Y. 

Consolidated Vultee Aircraft Corporation, Fort 
Worth, Tex. 

Douglas Aircraft Company, Inc., El Segundo, 
Calif 

Foster Wheeler Corporation, New York, N. Y 

General Mills, Inc., Minneapolis, Minn. 

Hercules Powder Company, Wilmington, Del. 

Metropolitan Edison Company, Reading, Pa. 

National Lead Company, New York, N. Y. 

Newport News Shipbuilding & Dry Dock Com- 
pany, Newport News, Va. 

North American 
Downey, Calif. 

Pratt & Whitney Aircraft Division of United 
Aircraft Corporation, East Hartford, Conn. 

Public Service Electric & Gas Company, 
Newark, N. J. 

Reynolds Metals Company, 


pany, 


Cities Development 


Aviation Company, Ince., 


Louisville, Ky 

Sinclair Refining Company, Harvey, Il 

4. O. Smith Corporation, Milwaukee, Wis 
ony Vacuum Oil Co., Inc., Paulsboro, N. J 
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BRITISH PLAN EXTENSIVE 
ISOTOPES CONFERENCE 


\ week-long international conference 
for the exchange of information on the 
beneficial uses of atomic energy will be 
held in England, from July 
16-21. 

The 
held in Great Britain, it will be devoted 


Oxford, 


largest such conference ever 


to reports by users of radioisotopes 
on the techniques employed and results 
obtained. 

Some twenty countries will be repre- 
All of them, 
with the exception of the United States, 


sented at the conference. 


make regular use of radioisotopes from 
BEPO, the larger of the British reactors 
at Harwell. 

Medical topics will be discussed at 
the beginning of the week. 

For the second half of the week, in- 
dustrial applications will be discussed, 
and will also be devoted to 


sessions 
agricultural and other research with 
isotopes 

Visitors will live at various Oxford 
colleges, and visits may be arranged to 
Harwell and the Radiochemical Center 
at Amersham to see some of the non- 
secret work carried out at these stations. 
should be 
the Secretary 


A.E.R.I Harwell, 
England 


Inquiries addressed to 
Conference), 


Berks., 


(Isotope 
Didcot, 


FIRST H. H. GOLDSMITH 
AWARD TO BE MADE IN FALL 


The Bulletin of the Atomic Scientists 
has announced that the first Hyman H. 
Goldsmith Award 
made on October 1. The award 


will be 
in the 


Memorial 


amount of $200, will be given for an 
article in the field of science and its 
relation to public affairs. 

Requirements for the article are that 
it either have been published in America 
or elsewhere during the year ending 
July 1, 
except 


1951, in any journal or news- 
the Bulletin, or be sub- 


paper 
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field, Cumberland. 


mitted before July 1, 1951, for exclusive 
publication in the Bulletin. 

The Bulletin inviting 
nominations for the award from any 


editors are 


interested person. 

Dr. Goldsmith, in whose memory the 
award was created upon his death in 
1949, was a founder of the Bulletin, 
head of the Information 
Brookhaven National Laboratory, and 
a member of Nuc.eonics’ first editorial 
board (NU, Nov. ’49, p. 90). 


Division of 


NATIONAL LEAD TO OPERATE 
FEED MATERIALS CENTER 


The National Lead Company has 
been selected as contract-operator of 
the Atomic Energy Commission’s Feed 
Materials Production Center planned 
for construction near Cincinnati, Ohio. 
To be located on a 1,200-acre site near 
the Miami River, the center will include 
a uranium-ore refinery and other facili- 
ties for producing uranium in forms 
suitable for use at the AEC’s fissionable 
materials production plants. 

The new facilities are being designed 
by the Catalytic Construction Com- 


pany, and the George A. Fuller Com- 


pany has been selected as the construc- 


tion contractor. 


IN BRIEF. 


>Plutonium is now being produced by 
Great Britain’s nuclear reactor at Sella- 
Although no techni- 





cal information has been released on the 
Sellafield reactors, it is known that only 
two of the three piles planned are to be 
completed. Last 
ures forced suspension of work on the 


year, economy meas- 


third pile. 


>Albuquerque, New Mexico, is the 
new headquarters for the AEC’s Santa 
Fe Operations office, which since 1947 
was located at Los Alamos. The relo- 
cation was brought about by the exten- 


sive and expanding operation at sites 
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other than Los Alamos which made it 
desirable to move the office to a more 
The Santa Fe office 
is responsible for AEC installations not 
New 
rado, Texas, 
Eniwetok. 


accessible point. 
only in Mexico but also in Colo- 
Nevada, California, and 


»Idaho Operations officials expect the 
number of permanent employees of the 
AEC and its contractors working at the 
Reactor Testing Station and in the Idaho 
Falls offices to increase from a present 
total of 600 to about 1,600 by the end of 
this year. This number does not include 


construction workers. 


>The third training course in the use 
of isotopes starts on June 18 at the 
Atomic Establish- 
ment in Twelve 


Energy Research 
Harwell, England. 
students are enrolled for the four-weeks 


course, 


» Processing plants to extract uranium 
from the residue slimes of their South 
African gold production plants will be 
erected by both the West Driefontein Gold 
Stilfontein 
The new plants 


Vining Company and _ the 
Gold Mining Company. 
will probably be ready for operation in 
1958, 


> Operation of its 450-Mev synchro- 
cyclotron symbolized the formal dedi- 
cation on May 16 of the University of 
Chicago’s $11-million program for pri- 
vately supported basic research in its 
Institute for Nuclear Studies, Institute 
for the Study of Metals, and Institute 
of Radiobiology and Biophysics (NU, 
Feb. 60). Completion of the 
$5-million laboratory buildings and the 
$2.5-million cost of 
by the ONR, 
comes six years after the organization 
of the Institutes. 


"Sl, p. 


accelerator, the 


WwW hich was prov ided 


> Over 200 young European chemists 
and chemical engineers from Marshall 
Plan will attend the World 
Chemical Conclave in New York, Septem- 


countries 


> 


her ) 13. 
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under the sponsorship of the 


Economic Administration 


and the 


Economic Cooperation. 


Cooperation 
Organization for European 
A similar op- 
portunity for 60 young chemists from 
other countries—in Asia, Africa, South 
Australia, and New Zealand, 


Europe 18 


America, 
as well as in provided 


through a grant by the Ford Foundation. 


NUCLEAR NEWSMAKERS. 


Nathan H. Woodruff, formerly technical 
assistant to the manager of the AEC’s 
Oak Ridge Operations, has been ap- 
pointed acting director of Research and 
Medicine. He replaces John H. Rober- 
son who has accepted a 
Washington, D. C., with 
Division of Research. 


Robert F. Bacher, head of the Physics 
Department at the California Institute 
of Technology and former AEC com- 


position in 
the AEC’s 


missioner, has been named to chairman- 


ship of the Committee on Atomic 


Energy of the Research and Develop- 


Board of the Department of 
The Committee was recently 
appointed to coordinate the atomic 
energy aspects of RDB’s military re- 
search and development program with 


the AEC. 


ment 
Defense. 


Charles Crompton, formerly with the 
AEC Division as assistant 
chief of the radioisotopes branch, has 
joined the United States Testing Com- 
pany in Hoboken, N. J. He will direct 
the work of the company’s Applied 
Radioactivity Division. 


Isotopes 


Bruno Rossi and Victor Weisskopf of 
the Massachusetts Institute of Tech- 
nology and Emilio Segré of the Uni- 
versity of California are lecturing in 
Europe under the Fulbright program. 
Drs. Rossi and Segré are at the Uni- 
versity of Rome, and Dr. Weisskopf is 
at the University of Bordeaux. 


Arthur B. Lamb, editor for 32 years of 
the Journal of the American Chemical 
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Society, has been chosen to receive the 
1951 Austin M. Patterson Award in the 
Documentation of Chemistry. The 
award is sponsored by the Dayton Sec- 
tion of the ACS. Dr. Lamb was cited 
for his services as ‘‘a patient and con- 
structive critic, impartial and tactful 
arbitrator, efficient administrator, in- 
and able physical 


spiring teacher, 


chemist.” 


J. Bion Philipson, formerly program 
coordinator, has been appointed assist- 
ant manager for operations of the AEC’s 
Idaho Operations Office. The Idaho 
Office recently announced the 
appointment of Thomas W. Dwyer as 
Joseph 
who has transferred to 
Kentucky Area Office at 


also 
safety engineer to replace 
C. Watkins, 
the AEC’s 
Paducah. 


W. Miiller, German scientist who, with 
Hans Geiger, developed the Geiger- 
Miller will Australia 
shortly at the invitation of the Ministry 
of National Development. Dr. Miil- 
ler’s trip is for the purpose of consulting 
with Australian industry on technical 


counter, visit 


problems. 


William G. Pollard, executive director 
of the Oak Ridge Institute of Nuclear 
Studies, has been appointed to a 13- 
member commission of scientists and 
educators named by the Board of Con- 
trol for Southern Regional Education. 
The commission will have broad re- 
sponsibility for making recommenda- 
tions in support of regional arrange- 
research and 


ments for graduate 


instruction. 


Edwin M. McMillan, co-discoverer of 
neptunium and plutonium, last month 
received the Research Corporation 
Scientific Award for 1950. Dr. Me- 
Millan, who is professor of physics at 
the University of California, was given 
the award, which carries with it a prize 
of $2,500, for his outstanding researches 


in nuclear physics. 
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Geoffrey Wilkinson is leaving Massa- 
chusetts Institute of Technology to 
join the staff of the chemistry depart- 
ment of Harvard University on July 1. 


John H. Manley has resigned from the 
staff of the Los Alamos Scientific Lab- 
oratory as research physicist to become 


head of the physics department of the 
University of Washingttn. Associated 
with the project in 
various capacities 1943, Dr. 
Manley served as technical associate 
director of Los Alamos, senior responsi- 
ble reviewer for the AEC, and secre- 
tary of the AEC’s General Advisory 
Committee. 


MEETINGS 


American Society for Testing Metals, 54th 
Annual Meeting—Chalfonte-Haddon Hall, 
Atlantic City, N. J.. June 18-22 

Symposium on Analysis and Metallography of 
Titanium (June 11-13); Symposium on Sur- 
faces (June 14-16)—lllinois Institute of 
Technology, Chicago, Il. 

American Physical Society— Vancouver, B. C., 
June 25-28 

American Institute of Electrical Engineers, 
Summer General Meeting—Royal York 
Hotel, Toronto, Canada, June 25-29 

International Union of Crystallography 
Stockholm, Sweden, June 27—July 3 


atomic-energy 
since 





British Institution of Radio Engineers, session 
on electronic instrumentation in nucleonics— 
University College, London, England, July 
3-4 

Congress on Nuclear 
Denmark, July 6-10 

International Union of Pure and Applied 
Physics, General Assembly, Commission on 
Symbols, Units, and Nomenclature—-Copen 
hagen, Denmark, July J1-14 

International Conference on Beneficial Uses of 
Atomic Energy—Oxford, England, July 16-21 

British Association for the Advancement of 
Science, Annual Meeting—Edinburgh, Scot- 
land, Aug. 8-15 

Oak Ridge Summer Symposium (on Nuclear 
Engineering) sponsored by Oak Ridge Na- 
tional Laboratory and Oak Ridge Institute 
of Nuclear Studies—Oak Ridge, Tenn., Aug. 
27-Sept. 6 

Low Temperature Physics Conference, UNESCO 
Commission for Very Low Temperatures— 
Oxford, England, Aug. 22-28; Institute 
International du Froid—-London, England, 
Aug. 29-Sept. 5 

American Chemical Society, Diamond Jubilee 
Meeting—New York, Sept. 3-7 


Physics—-Copenhagen, 
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PRODUCTS and MATERIALS 








PREFLUSH COUNTER 

Radiation Instrument Development 
Laboratory, 2337 W. 67th St., Chicago 
36, Ill. 


for detecting alpha, beta, or gamma 


The model 21 is a flow counter 
rays. For G-M counting the operating 
1,250 the 200-volt 
plateau is claimed to have a slope of 
100 volts 
For proportional counting the plateau 


voltage 1s volts; 


less than 4°% over the best 
is said to be 300 volts with a slope of less 
the best 100 
Sample chambers are rotated by turning 


than 1°) over volts 


a knob; gas flows continuously through 
counting chamber and preflush position. 
less than 


Background is said to be 


20 epm, unshielded 





TWIN TRIODE 


General Electric Co., Electronics Park, 
Syracuse, N. Y. The GL-5844 is a 
7-pin, medium-mu tube designed for use 


in moderately fast digital computers 
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It directly replaces the 6J6 in most com- 


and lower heater 


For flip-flop work in binary 


puters operates at 
power 
systems, the tube operates at cut-off 
and cut-off the 


triodes balances within a 1 volt limit. 


zero’ bias; between 
Maximum plate voltage is 175 volts 
and plate dissipation is 0.5 watt; maxi- 
mum cathode current is 9 ma. For 
binary service the grid voltage is zero 


when on and —10 volts when off 


SERVO AMPLIFIER 


Industrial Control Co., 1462 Undercliff 
Ave., New York 62, N. Y. The model 
110-B is designed to drive a servomotor 
The gain is 
1,000; 
phase is variable in the range 20 to 


watt 
with a 


with a 5 output. 


variable maximum of 
140 degrees. Damping is also varia- 
ble, and these three adjustments are 
independent of one another. Internal 


pickup Is said to be below 3 mv. 


LOW-RANGE POCKET CHAMBER 


Landsverk Electrometer Co., Pippin 
Rd., Cincinnati 31, O. For personnel 
protection, the model L-65 ionization 
chamber reads the dose of gamma- and 
X-rays in the range 0-200 mr. The 
accuracy is said to be +5%, with back- 
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than 2% of full 
It is claimed that cali- 
bration is independent of energy from 
75 kv to 15 Mev. Designed to be 
charged and read on the L-60 battery- 
operated charger and reader, the cham- 
ber clips into the user’s pocket. 


ground leakage less 


s« ale pe r day. 


MEGOHM BRIDGE 


Special Instruments Laboratory, Inc., 
1003 Highland Ave., Knoxville, Tenn. 
Resistances from 10’ to 10'* ohms may 
be read directly on the model 144 meg- 
claimed that the 
precision over most of the range is 0.1%. 


ohm bridge. It is 
Discrepancies in the standard arms of 
the Wheatstone bridge may be detected 
and corrections made within the instru- 
ment. For this purpose, a set of re- 
calibrated by the National 
Bureau of Standards {s supplied with 


sistors 
each instrument. The bridge operates 
from self-contained batteries. 


SCINTILLATION NUCLEOMETER 


Radiation Counter Laboratories, Inc., 
1844 W. 2ist St., Chicago 8, Ill. The 
mark 9, model 5 is composed of a scintil- 


lator head, a linear amplifier, and a 
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sealer. The scintillator head contains 
an anthracene crystal, a 5819 photo- 
cathode 


magnetic shield 


multiplier, and a follower, 


mounted in a iron 


The linear amplifier can handle pulses 


as low as 10 mv with rise times of less 
than 2 usec and durations of 3 ysee or 
The output level is variable 
from 0 to —10 volts and the pulse has 
The 
resolving time of the amplifier is said 
to be psec The 


of-512 sealer has an input sensitivity 


longer. 
a decay time of less than 3.5 sec. 


less than 5 scale- 


lL. to 5 volts 


v 


Not including the mechanical register, 


that can be varied from 


the resolving time of the sealer is 5 psec. 





COUNT-RATE METER 


Atomic Instrument Co., 84 Massa- 
chusetts Ave., Cambridge 39, Mass. 
The model 410 is designed for use with 
either a standard G-M probe or an 
Both audio 
and visual counting is provided for; 


alpha-scintillation probe. 


four range-selectors make possible read- 
200,000 on the 
Accuracy is be 2% 


« 


ings as high as epm 
said to 


meter. : 
a Schmitt dis- 


The 
criminator. High voltage is variable up 
to 2,000 volts. 


circuit employs 


LIQUID-LEVEL GAGE 


lsotopes Products, Ltd., 8th Line North, 
Oakville, Ontario, Canada (P. O. Box 
127). 


level of liquids in containers by reflec- 
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This portable gage detects the 








makes use of a 20-millicurie 


tion It 
lead 
block with a I4-in collimated aperture 
The detector, shielded by lead from the 


source of Cs'* embedded in a 6-in 


is a sodium iodide crystal and 
1 YSIA 
supplied by 
6-volt 


source, 
photomultiplier. Power is 


two vibrators fed from 


batteries Readings are made 
tank wall. The 
ment is said to operate well on walls up 


thick, 


lo in. may be obtained 


through the instru- 


to '9 in and results better than 


GAUSSMETER 

Dyna Labs, Inc., 132 Lafayette St., New 
York 13, N.Y. The probe of the model 
1)-79 gaussmeter is nonmagnetic so that 
the field is not A steady 
reading is given as long as the probe is 


disturbed. 


held in the field; no pulling or other 
Magnitude 


movement Is necessary. 
and direction of flux density can be 
read for an air gap as small as 0.025 in. 
thick and 0.01 


cover the 


Six scale 
L0—30,000 
accuracy of 249% for 


both a-e and d-e fields ‘ 


in.? In area, 
selections range 


gauss with an 


PHOTON COUNTERS 


Nuclear Research Corp., 2707 Federal 
St., Philadelphia 46, Pa. Four G-M 


counters for detecting the photons from 
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scintillation crystals are available. The 
NRG-50 has a cathode 
giving transmission at 2,500 
a The model N RG-51 has a bubble 
giving transmission at about 
2,000 A.t The NRG-52 is a 


zine-cathode counter It Is 


model mesh 


about 


window 
model 
said to 
vive good response in the interval 
2,000-4,300 A.U.; peak transmission 
is in the vicinity of 3,300 A.U. The 
model NRG-53 has either a brass or 
copper cathode and gives transmission 
at wavelengths as high as 7,000 A.U. 
For general use, these counters must be 
housed in light-tight cavities. 


LITERATURE AVAILABLE 


Gas-Flow Control. Bulletin 11-D de- 
laboratory gas-flow control 
apparatus. Kahl Scientific Instrument 
Box 1166, El Cajon, Cal. 


seribes 


Corp., 
Illustrated brochure 


line of current 


Transformers. 
(GE A-4626 shows 


voltage instrument transformers. 


and 
Gen- 


eral Electric Co., Syracuse 5, N.Y. 


Speed Reducers. Bulletins A-470 and 
A-602 give data on double and single 
reduction torque-arm reducers. Dodge 


Vfg. Co., Mishawaka, Ind. 


Mills and Cutters. 
lists milling and cutting heads. 
Tool Inc., 


Illustrated catalog 
Se ver- 
ance Industries, 


Wich 


Saginaw, 


Components. Catalogs list line of elec- 
components and sheet-metal 
products. Bud Radio, Inc., 2118 E. 


55th St., Dept. I-6, Cleveland, O. 


tronic 


Potentiometers. Technical data chart 
gives data on line of potentiometers. 
Helipot Corp., 912 Meridian St., So. 
Pasadena, Cal. 


Instruments. Data on spectrum ana- 
lyzers, amplifiers, and power units is 
given in an illustrated catalog. Polarad 
Electronics Corp., 100 Metropolitan Ave., 


Brooklyn 11, N. Y. 
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DECADE SCALER 


(HIGINBOTHAM CIRCUIT) 


Compact modern unit, designed to speed up labora- 
tory counting. Total count quickly indicated by direct 
reading scale. No extra computing. Total count on 
100 scale up to 999,999. Featuring hermetically 
sealed components. Compact—11” wide, 9%” high, 
18” deep. Geiger Tube Extra. 


MODEL LS100 


MODEL LS64S 


BINARY SCALER 


(HIGINBOTHAM CIRCUIT) 
(AEC Model CGM3B) 


Compact laboratory measuring sets with 

scaling circuits. Built-in impulse register 

(recording clock) and hermetically sealed 

MODEL RM4B ‘ transformers. Full set of indicating lamps 

and instruments on front panel. Advanced 

circuit design achieves economy and sim- 

LABORATORY COUNTING plicity in maintenance and operation. 


Available in several models. Geiger Tube 


RATE METER and Extra. 
COUNTER SET 


* 
Four improved features: Larger meter calibrated in INC: 
counts per minute and counts per second; hermet- (42, a 


ically sealed transformers; Selection of 4 time con- 





2647-67 N. HOWARD STREET 
stants, (independent of range) and larger more PHILA. 33. PA 


easily read meters. Built-in speaker for aural mon- 
itoring. Recording circuits suitable for operation America’s Foremost Crofters 


‘ Of Scientific E al dali 
of external impulse meter. al 
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J 
PRECISE RADIOASSAYS 


AUTOSCALER — One of several scalers 
available for accurate radioactivity 
measurements. 


AUTOMATIC SAMPLE CHANGER — 
For the automatic radioassay of large 
numbers of samples. 


uw 


GEIGER TUBES — Mica window and all- 
glass tubes designed for beta and gamma 
counting. 


Write tor Catalog B-N 


Samcm 


_ 130 HIGH st. B BOSTON, use| 


a a cel i lL le 
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Books 


Continued from page 39) 





Gainesville, Fla., 1951, xii + 147 pages, 
$2.95. A description for laymen of the 
hereditary effects of radiation. 


Advances in Electronics, Vol. III, 
edited by L. Marton, Academic 
Inc., New York, 1951, xii + 357 pages, 
$7.50. Contains among its nine chap- 


Press 


| ters on recent developments in elec- 


modu- 
magnetron 


tronic research one on velocity 
lated 


theory. 


tubes and two on 


OTHER LITERATURE 


An International Bibliography on Atomic 
Energy, Vol. II, Scientific Aspects 
1951). This outstanding 880-page 
work by the United Nations Atomic 
nergy Group, Department cf Security 
Affairs, contains 24,282 entries 
and articles on the 





Council 
of technical books 
scientific atomic energy 
published in all parts of the world from 
1925-1949. Brief 
by leading scientists serve to preface 
the five major sections of the bibliog- 
which are as follows: Funda- 
mental Nuclear Science; The Physics 
and Engineering of Nuclear Reactors; 
The Biological and Medical Effects of 
Isotopes in 
Medicine; and Applica- 
Tracers in Non- 
Technology. 
{vailable University 
Press, 2960 Broadway, New York 27, 
N. Y., at $10, and from authorized sales 
agents for United Nations publications 


aspects of 


introductory essays 


raphy 


High-energy Radiations; 
Biology and 
tions of Radioactive 
biological Sciences and 


from Columbia 


in other countries and national currencies. 


Supplement 1 to “Nuclear Data,” 
National Bureau of Standards Circular 
499. Issued April 25, 1951, this is the 
January to July, 1950, supplement to 
the collection of experimental values of 
half-lives, relative 


abundances, 


radiation energies, 


isotopic nuclear moments, 


sections, compiled by the 
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NBS Nuclear Data Group (Katharine 
Way, Marion Wood, Karin Thew). 
NBS Circular 499 is available from the 
Superintendent of Documents, U. S 
Govt. Printing Office, Washington 24, 
D. C., 84.25; this price also includes 
three supplements (see above) that include 
data reported during the three six-month 
periods ending July 1, 1950, January 1, 
1951, and July 1, 1951. The supple- 

nts will be mailed automatically to 
purchasers of the table as soon as each 


becomes avai lable. 


The Development and Future of Nu- 

clear Energy, by Sir John Cockcroft 

1950, 23 pages). The Romanes Lec- 

ture delivered in the Sheldonian The- 

atre, June, 1950. Available from Oxford 
sity Press, New York, $0.60. 


Correction Tables for Radioactive De- 
cay, by Barbara S. Smith (National 
Institutes of Health report, April, 1951, 
Public Health Service, Federal Security 
Agency In this 22-page report, tables 
ol decay correction factors to four- 
place accuracy are presented for various 
biologically important radioisotopes, 
based on half-life estimates in current 
acceptance. Copves of these tables are 
obtainable by letter of request to the 
National Institutes of Health, Scientific 
Reports Branch, Bethesda 14, Md. 


Atomic Energy Commission Document 
Price List No. 18 (issued March, 1951). 
A listing of all AEC publications made 
available for sale since October, 1950. 
Copy of price list available without cost 
from Office of Technical Services, Dept. 
of Commerce, Washington 25, D. C. 


A New Method of Radioactive Standard 
Calibration, by Howard H. Seliger 

RP2163 \ 7-page reprint in which 
a method is described for making G-M 
counter measurements of different ac- 
tivity samples independent of inter- 
mittent disturbing effects. An example 


(Continued on nert page) 
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For 
HEALTH MONITORING 


RADIATION SURVEY 
METER — Protects per- 
sonnel from excessive ra- 
diation exposure. 


FILM BADGE SERVICE — Provides a 
permanent record of radiation received by 
laboratory personnel. 


LABORATORY MONITOR — Fordetect- 
ing low level contamination and checking 
laboratory background. 


Write for Catalog B-N 





racerlab 
_ 130 HIGH ST. "BOSTON, MASS. 


re ae at a ala te 28 
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first again with T 3 5 LO N 


7-pin Miniature 
Tube Sockets, 
ideal wherever 
high or low ambi- 
ent temperatures 
frequency 
are 


or 


stability 
elgele) (its 


CHEMELE 


Surface resistivity 3.5 x 10% 
ohms. 

Loss factor less than 0.0005. 
Dielectric constant 2.0 (60 
cycles to 30,000 megacycles). 
Serviceable at —150°F to 
+575°F with negligible 
change in critical electrical 


HIGH PERFORMANCE 
TUBE SOCKETS 


Unaffected by extreme hu- 
midity, corrosive atmosphere 
or fungus. 


® Non flammable. 


@ Chemically inert—unaffected 


by oils, organic or inorganic 
acid, alkali or solvent. 


characteristics. 


Won't carbonize under arcing. 


0.09% water absorption 
(ASTM Test). 


Allocation limits supply to 
projects with National Pro- 
duction Authority sanction. 


Write for catalog No. SO-428. 


TEFLON PRODUCTS DIVISION 


UNITED STATES GASKET CO., 660 N. 10th St., Camden, New Jersey 


Books 
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of a calibration procedure is given in 
which it has been possible to achieve a 
higher degree of accuracy in only 30% of 
original counting time. Available from 
of Documents, U. S. 


Washington 26, 


Superintendent 
Govt. Printing Office, 
D. C., $0.10. 


The Civil Defense Alert (Vol. 1, No. 1, 
\pril, 1951, 8 pages). First issue of a 
monthly FCDA-published 
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newsletter 


for state and local civil defense staffs. 
Available from Superintendent of Docu- 
ments, U. S. Govt. Printing Office, 
Washington 25, D. C., $0.60 /year. 


Metrical Geometry Contact Transfor- 
mations and Nuclear Physics, by J. 
Mariani. A 28-page, formal treatise 
on the subject. Available without cost 
from the Institute of Applied Biology, 
101 Lafayette Avenue, Brooklyn 17, N.Y. 
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For a fresh approach to your counting problems— 


INVESTIGATE THESE ADVANCED 
LONG-LIFE HALOGEN COUNTERS 





= / 
} ? ins 3 . 
TYPE 108. Rugged, immersion proof, thin wall TYPE 210. Sensitive, thin mica window (1.4- 
(30 mg/cm?) stainless steel Beta-Gamma 2 mg/cm? and 3-4 mg/cm*) plug-in counter, 


Counter immersion proof, stable and rugged. 





ries. 


TYPE 303. High intensity Gamma Counter, TYPE 1001. New, extra sensitive, low back- 
rugged, precision made. Small, only 3” long ground mica window counter. (1.4-2.0 mg/ 
11/32” dia cm? and 3-4 mg/cm?), for q and g. 





are the result of radically new tech- 
niques: each is a precision engineered 
tube, designed to perform reliably and 
give reproduceable data under all 
operating conditions. 


‘A ’ *ANTON RADIATION COUNTERS 


Halogen quenched, their life is unef- 
fected by use—cannot be damaged by 
sustained overvoltage. Stainless steel 
cathodes and ceramic insulators elimi- 
nate glass envelopes—assure rugged- 
TYPE 350. Large precision counter for Cosmic ness, nonphotosensitivity and conven- 


Ray work. (Also available for filling with BF ient ; ‘cati 
for neutron detection.) 22” long—2” dia. — application. 





Anton Halogen Counters are available to meet the needs of 
Laboratories, Instrument Manufacturers and the Armed Forces. 
Complete Catalog and Specifications upon request. 





An Annual Nucleonics Meeting (Editorial continued from page 3) 





held. 
Nucieonics believes that the time is ripe for an annual meeting in this 
The 


first meeting might be a two-to-four-day affair with the majority of the papers 


Primary emphasis will be on the techniques and uses of radioisotopes. 
country which would be broader in scope than the British conference. 


based on original work (developmental rather than fundamental, however). 


Interspersed among these papers would be three or four broader talks on tech- 


nical problems of current interest. There might be an evening round-table 
discussion on a general-interest technical problem, perhaps one of a contro- 
versial nature. 

It must be emphasized that the most important criterion for selection of 
papers and talks is that the subject matter must be of interest to scientists or 
engineers of more than one discipline. This would encourage the cross-fertil- 
ization of ideas so necessary in the nucleonics field. 

Sponsorship of the meeting could be undertaken by any one of the major 
societies, or perhaps by an organization such as the Oak Ridge Institute of 
Nuclear Studies, or perhaps by a governmental agency such as AEC or ONR. 

If any group effort to arrange such a meeting is initiated, we will gladly offer 
JDL, 


what help we can give, especially in publicizing the meeting. 


i 


—» 





Random Notes (Continued from page 3) 





subject of of articles and reached entitled, 
“The Effects of Solution Composition 
in a G-M Counter for Liquid Samples,”’ 
by G. Rose and W. W. Emery of Lon- 
We had come to the 
point where our eyes were beginning to 
find that, 


once we started to read this paper, we 


(authorities on the one 
check about 25% of the 


This, of course, varies 


viewers 
the manuscript 

papers we receive. 
from month to month and in some pe riods 


will rise as high as 60% 


don, England. 
It is of interest to point out that our 
considering close and were startled to 


that 
era mople , the 


system of manuscripts 18 
other 
Physical 
than 


reviewed by 


quite similar to used by 


journals. For couldn’t stop until we finished it. We 


teview does not have more 50% suggest you look for it in our July 


of the pa pers it receives issue. 


outside referees. Some journals, 


par~  e Here are two unrelated but interesting 


mentioned by an AEC 
10-12,000 


ticularly foreign ones, use the philosophy ite ‘gugeeiiiin 
of allowing the author to take the respon- ~ Spiel: (1 
‘ OTe . } 


there are now 


sibility for the quality of his manuscript, 
rather than the journal, 


e It is distinctly a pleasure to an editor 


when he comes across a well-written 


manuscript We partook of such a 
delight recently when, after spending 
an evening at home in a sleep-inducing 


armchair, we advanced through a stack 


58 


scientists working in the atomic energy 
program, and (2) of the reports issued 
by the AEC based on work done for it, 
one third appear in the open literature, 
one third appear in the National Nuclear 
Energy Series, and one third do not get 


published. 
J DL. 


June, 1951 - NUCLEONICS 





Loy We ey etait ee 
for radiation research 


RCA WV-84A Ultra-Sensitive DC Microammeter 
reads from 0.001 microampere to 1000 micro- 
amperes in six ranges. Also useful for measur- 
ing high values of resistance, or as a high- 
resistance voltmeter with a sensitivity of 100 
megohms per volt. Accuracy, = 5% or better... 
indispensable for conducting experiments in- 
volving minute values of current. 


RCA WO-79B Laboratory Oscilloscope 

will accurately display one-microsecond pulses 
having extremely steep leading edges. Has 
triggered sawtooth sweep with delay network, 
2-to-1 trace expansion, vertical amplifier flat 
from 10 cps to 5 Mc, calibrating meter for 
voltage measurements, built-in 0.2-micro- 
second delay line, and intensifying and blanking 
amplifier. The WO-79B is particularly suitable 
for photographic study of transients and for 
checking irregularly timed pulses. 





RCA WV-97A Senior VoltOhmyst* 

directly measures complex waves from 0.2 volt 
to 2000 volts, peak-to-peak. Has an over-all 
accuracy for dc measurements of +3% full 
scale. Measures dc voltage from 0.02 volt to 
1500 volts ... rms values of sine-wave voltages 
from 0.1 volt to 1500 volts. Has 7 non-skip 
ranges for both resistance and voltage. Fre- 
quency response flat from 30 cps to approxi- 
mately 3 Mc with 100-ohm source. 

*Reg. U.S. Pat. Off. 





See your RCA Test Equipment Distributor for 
complete technical data bulletins on individual 
instruments . . . or write RCA, Commercial 
Engineering, Section 62FX, Harrison, New 
Jersey. 


RADIO CORPORATION of AMERICA 


TEST EQUIPMENT HARRISON. Ht. J. 
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MICRO OPTICS 
for NUCLEAR TRACK WORK 


A new series of objectives and eyepieces designed especially for 
observation of cosmic ray “events” on nuclear tracks. Particularly 
recommended for use with the Leitz “Ortholux” and Type “B”’ Binocular 
Microscopes, and may be used on other standard types of microscopes. 


Achromatic Objective 10:1, N.A. 0.25, No. 3; for the general survey of track 
plates with emulsions of any thickness $17.50 
Achromatic Objective 25:1, N.A. 0.50, No. 4b; for the examination of nuclear 
track plates of any thickness 29.00 
Achromatic Oil Immersion Objective 22:1, N.A. 0.65, 8mm., Oil-W; for the 
examination of nuclear track plates, of all thicknesses, which are covered 
48.50 
Achromatic Objective Ks, 45:1, N.A. 0.65, for emulsion thicknesses from O 
to 100 microns; for examination of nuclear track plates which have an emulsion 
thickness from 100 to 200 microns and the thickness of which is between 
50 to 100 microns after fixing 
Fluorite Oil Immersion Ks, FL Oil, 53:1, N.A. 0.95, for emulsion thicknesses 
from 0 to 1000 microns; for the examination of nuclear track plates up to 
2mm. in thickness which remain, after fixing, at a thickness of approximately 
Imm. Particularly recommended for the counting of grains and the measure- 
ment of track tracings on plates which are 370 microns thick after fixing.. 
Apochromatic Objective, Ks, Apo Oil, 100:1, N.A. 1.32, for emulsion thicknesses 
from 0 to 370 microns; for grain counts and the measurement of track tracings 
on plates up to 600 micrens which remain, after fixing, at a thickness of 
370 microns. This lens is used, in connection with Periplan eyepiece 25x, to 
determine, at minimum depth of field, the relative position of two track 
grains in contact with one another 


For information, write 


E. LEITZ, Inc., 304 Hudson Street, New York 13, N. Y. 


LEITZ MICROSCOPES ¢ SCIENTIFIC INSTRUMENTS © LEICA CAMERAS AND ACCESSORIES 
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** for miniaturization, 


mounting, and temperature problems 


come, right off the top of the 

what's been needed—new 

ng subminiature capacitors 
equipment! 


end stud, threaded 


fe bracket capaci- ° 


16 page Engineering 


-pioneered designs 
rld’s most com- 


terminal metal 


PIONEERS 
ELECTRIC 
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AND 


encased subminiature paper capacitors 

And they're now available as standard ina 
125°C. temperature rating Vitamin Q Ca- 
pacitor series. Voltage ratings range from 
100 to 1000 volts in both inserted tab and 
extended foil construction 

And remember, Sprague Capacitors are 
the standard of dependability for critical 
electronic circuits. Write for your copy of 
Bulletin 213-B which gives the complete 


Sprague Subminiature Story 


SPRAGUE ELECTRIC COMPANY 


NORTH ADAMS. MASSACHUSETTS 


ELECTRONIC DEVELOPMENT 








You can afford 


High Vacuum 
Furnace 


Pa. 


* is 
" ; 


This ONE 


Versatile Unit lets 


you melt, pour, 





heat treat, degas 








FEATURES — 


At ast there is now available a single @ Ultimate vacuum of less than @ Constant temperature zone 

furnace that does away with the need $x 105mm. Hg 6" x 2%" dia 

to purchase equipment for each phase @ Working temperatures up to @ Power supplied directly from mains 
t your high-vacuum, high-temperature 2000° ¢ to specially-designed variable auto 

transformer which is an integral 

part of unit. 


work. Because of its modest price, it @ Temperature controllable 
“ fall within the budget of most within ft 5° ¢ 
Either manual or automatic temper- 


@ Hot zone reaches temperature 
. f ature control or both 


within one minute 
Thermocouple vacuum gage is 
standard equipment. Other gages 
@ 4° purifying type diffusion pump in- are available 

sures high capacity for out-gassing 


new furnace you can melt ' 
@ No refractories used in hot zone 
melt and pour — add to 
look into the hot : 
Furnished complete with vacuum 
@ Ucilizes single turn low voltage re- system, controls and gages includ- 
sistance element of either tungsten ing ammeter, volt-meter and tem- 
legas t ac. It's a complete or molybdenum 8" x 2%" dia perature indicator. 


ire hot zone temperatures 


lled atmospheres 








versatile unit, capable of handling the 


widest variety of metallurgical research 


_ 
we 


a , —_ TALL ° me ' 
Py VELOPMENT METALLURGY - DEWTORATION ~ DiS 
work. Write today mem vace . ovlewcnt COATING - APPLIED PHYSICS 








National Research Corporation 
Seventy Memorial Drive, Cambridge, Massachusetts 


AMERICAN @ESEARCH (TL ndon S$ W 7 — Wishow, lonortshive 
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ATOMIC 
MODEL 510 


Pulse Height 
Analyzer 


Choice of top-flight research laboratories 


Choose the instrument that's desired by leading laboratories 
everyhere — the Atomic Differential Pulse Height Analyzer. A truly 
precise instrument built especially for fine research, the Model 510 
makes it possible for you to study amplitude distribution of electrical 
impulses in the range from 0-100 volts. Used with linear or calibrated 
particle detecting device, linear amplifier and a scaler or any other 
counting means, the Model 510 makes your study of the energy distri- 
bution of nuclear particles easier and more efficient. 

Precise upper and lower level voltage controls permit formation 
of a narrow adjustable channel through which only input pulses of 
desired amplitude may pass and be transmitted to output. Many other 
outstanding features. Bulletin on request. 

Power supplies — Models 306, 316, 326 .. . low current, low energy 
. negative or positive grounded . . . suitable for most research 
work .. . 500-3000 volts. 





Scaler — Mode! 1060 Multiscaler — latest 
Atomic Scaler . . . one of the famous 
“Building Block"’ Scalers. No other quite 
matches it. Write for details—also for 
Model 1070 with built-in linear amplifier. 


Anticoincidence Analyzer — Model 503B 


Count Rate Survey Meters — Models 409 
and 410... 409 has 5% accuracy . 

small-size — ideal for routing laboratory 
contamination monitoring. 410 has 2% 
accuracy ... use with geiger probe input 


. new yet proven in heavily shielded 
counting of extremely weak activities with 
short or long half-life . . . built-in register 

. register drive circuit . . . many other 
exceptional features. 

Linear Amplifier — Model 204C ... se- 
lectable input time constant and rise time 

. built-in discriminator. 


Write for free 
indexed catalog. 
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ATOMIC+= 


84 MASSACHUSETTS AVE. 


or alpha scintillation probe. 

Scale of 64— Model 101M. . . includes 
vacuum tube diodes and built-in precision 
discriminator. 

Scaler — Model 1010 Series . . . Atomic's 
“Building Block" Scalers . . . many types 
with choice of decade or binary scale. . 
custom features at production prices. 


INSTRUMENT 
COMPANY 


CAMBRIDGE 39, MASS. 
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FREE 


NEW 88-PAGE CATALOG 


SUPPLIES TO MEET EVERY X-RAY NEED 
you'll find them all in this hot- 
off-the-press 88-page “X-Ray Supplies 
and Accessories” catalog. Here, in a 
handy single volume, is an encyclopedic 
description of thousands of x-ray 
supplies and accessories 
Ask your local GE x-ray representa- 
tive for a copy or write X-Ray 
Department, General Electric Co., 
Rm. AI-6, Milwaukee 14, Wisconsin. 


NOTE-THESE CHAPTER HEADS... 
THERE ARE MANY MORE 

X-RAY FILMS all standard medical types 

and sizes of sheet and roll film in the three 

leading brands—Ansco, DuPont and Kodak. 

FILM-PROCESSING CHEMICALS — GE's own 

brand “‘Supermix"’ Developer, Fixer, Re- 


fresher, Indicating Shortstop and Wetner. 
Also Ansco, DuPont and Kodak liquid and 
dry chemicals. 

CASSETTES, SCREENS & EXPOSURE HOLDERS 
FILM-MARKING DEVICES for easy identifica- 
tion. 

IMPERMO and STAINLESS-STEEL DEVELOP- 
ING TANKS and ACCESSORIES — solution 
capacities from Y-gallon to 20 gallons de- 
veloper and fixer. 

AUTOMATIC FILM-PROCESSING EQUIPMENT 
— the famous Pako Filmachines. 
REFRIGERATION EQUIPMENT — coolers and 
heaters for use with tank — thermostatic 
controls — water purihers. 

RADIATION PROTECTIVE MATERIALS — 
gloves, aprons, spectacles, eye shields, lead 
rubber, lead glass protective screens, chairs, 
chests, pass-boxes, lead foil, filters. 
X-RADIATION MEASURING DEVICES — 
complete Victoreen line 





\— GENERAL @@ ELECTRIC— 
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NEW SAFETY-DESIGN 
FUME HOOD for handling 
Radioactive Isotopes 


Design approved for use by Oak Ridge Institute of Nuclear Studies | 


Air foils at hood face allow air to enter without turbulences. 
Low Velocity ... operates with less than half the CFM of air needed on 
a conventional type hood. 
Air current directed across working surfaces removes heavy gases. 
Entire interior of hood is stainless steel for easy decontamination. 
Steel grating supports working surface, giving load carrying capacity up 
to 400 lbs. per sq. ft. 
Equipped with blower switch, warning light, and “over load” warning bell. 
All service controls outside—no reaching in. 
Outside measurements: Height 9 ft.; width 6 ft.; depth 3 ft. 6 in. Five inch 
Stainless Steel Sink welded into top. 

We manufacture all types of Stainless Steel 

equipment for Radioactive Laboratories—also 


Tables, Sinks, etc. for all laboratory needs. 
Representatives in Principal Cities CG.Cc bell, Presid 


5083 SOUTH CENTER STREET © ADRIAN, MICHIGAN 
Vol. 8, No. 6- June, 1951 





marion 
methods 


TWEEZER. SOLDERING 
/ \ 


| 
' 
| 
jj 


Electrified by Marion, these tweezers now ~ 
do double duty. They position the work 
and solder it at the same time. Tripled 


Aebj youssell marion methods production and finer fluxless joints result. 


Marion uses this Method of Tweezer Soldering for many fine soldering oper- 
ations. Resistance heating in the work itself and conducted heat from the tips 
combine to give greatly increased soldering rates on pretinned components. 
Because the tweezers develop little heat themselves, adjacent component FLEXIOLE BRAIDED CONDUCTORS 
damage is avoided. These tweezers permit an inexperienced worker to rapidly ae 
acquire a high degree of skill. apr hap aa 
NOT FOR SALE — You can make electric soldering tweezers of your own. HAPED FOR OPERATION 
Those shown here have standard “‘MM” blades, separated and insulated by \ REQUIREMENTS 
bakelite. They are assembled and wired as illustrated. By varying the voltage, STANDARD “MM TWEEZER 
the tip cross section, and the contact area, you can adapt this tool to your _¥ ~ ‘ @. ADES 
specific application. . 
OTHER MARION METHODS — Current demands on industry 
by the mobilization program accentuate the importance of 
production methods. Blectrie tweezer soldering is only one of 
a number of methods which Marion proposes to present in the 
hope that some of them can help you as much as they have 
helped us. Marion Electrical Instrument Company, 414 Canal 
St., Manchester, N. H., U.S. A. 


MANUFACTURERS Of MARION BUGGE! IZED PANEL INDTRUMENTS 








Moving? 
If you are moving (or have moved), tell us about it, 
won't you? Your monthly copies of NUCLEONICS will 
not follow you unless we have your new address im- 
mediately. Make sure you don't miss a single important 
issue . . . and help us make the correction as speedily 
as possible by giving us your old address, too 


NUCLEONICS 
330 W. 42nd St. Senin Sap New York 18, N. Y. 
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CHARACTERISTICS OF RCA MULTIPLIER PHOTOTUBES 


Maximum Response 





| T Equivolent Nowe 
Spectral |Wovelength | Semsitiv ity’ Input ot 25°C 
Type No | Response | Angstroms | vA /uW Lumens 





P21 s 4000 7 4000 
1°22 ss 4200 370 
1°28 ss 3400 22000 


$x" 
tn to** 
(720 
Cento" 
7x1" 
2s" 


P31A $4 4000 18600 
$89 $9 4800 14900° 




















'Weh 100 volts per stoge 

1 Meosured with 2870 K light source 

* Ulreviclet equivalent nome input in wotts of 
2537 angstroms for bondwith of | cps 


With 90 volts per stoge 








RCA Multiplier Phototubes ... 





for low-level detection and measurement 





The extraordinarily high values of amplifica- 
tion obtainable from RCA Multiplier Phototubes 
make them particularly applicable to the detec- 
tion and measurement of low levels of illumi- 
nation. Coupled with suitable phosphors, these 
tubes may also be used for detecting and meas- 
uring nuclear particle radiation. 


Improved RCA-5819 has nearly 5 times the 
sensitivity of the original type. It also features 
greater cathode.-collection efficiency, higher cur- 
rent amplification, strengthened mount struc- 
ture, shorter over-all length, and termination of 
cathode lead in a base pin. Its high sensitivity 
to blue-rich light makes the $819 ideal for use in 
scintillation counters with organic phosphors 
such as anthracene and inorganic materials 
such as silver-activated zinc sulfide. 


RCA-931-A is the preferred type for high- 


volume, low-cost applications. 


RCA-IP21 now has a sixfold improvement in 
noise input. It is especially desirable for photo- 
electric spectrometers, astronomical telescopes, 
and scintillation counters usicg “light piping.” 


RCA-IP22 is especially useful in colorimetry 
and spectroscopy because its spectral response 
covers the same range as that of the eye. 


RCA-IP28 has an envelope of special glass 
which transmits ultraviolet radiation down to 
a wavelength of about 2000 angstroms. This 
feature makes the 1P28 useful in specialized 
industrial and scientific applications such as 
spectrophotometry. The versatility of the 1P28 
is further enhanced by its use with liquid phos- 
phors emitting in the ultraviolet region. 


For further information write RCA, Commer- 


cial Engineering, Section 62FR, Harrison, N, J, 
* 


THE FOUNTAINHEAD OF MODERN TUBE DEVELOPMENT IS RCA 


a4 
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ELECTRON TUBES 


RADIO CORPORATION of AMERICA 


HARRISON, HM. J. 





industry's favorite for 
ruggedness and versatility 


mark-time 


"9400" bell 


time switch This Mark-Time timing unit 
gives three-way service to 
manufacturers of all types of 
electrical equipment. 


As a combination bell-time 
switch, the “5400” unit turns 
an electrical device OFF after 
a pre-set time interval and 
simultaneously provides a 
clear warning bell signal. It 
is also available without the 
bell as an electrical time 
switch, or without the switch 
as a simple bell timer. 


ON type unit available on 
special order. 


Normally supplied for center 
stud mounting. Other mount- 
ings available upon request. 


Write for further details and prices. 
5400-SERIES BELL TIME SWITCH 
U.L. approved for 20 ampere, 125 
volt or 10 ampere, 250 volt opera- 
tion. A.C. only. Timings from 60 
seconds to 5 hours. 
Available with a wide variety of M ‘ H : RH 00 ES, N C . 
dials and knobs. HARTFORD, CONNECTICUT 





THIS ISSUE BRINGS YOU. . 


a three-part treatise on 
1. CONSTRUCTION 


2. TESTING AND SERVICING 
3. CALIBRATION OF RADIOACTIVITY INSTRUMENTS 


The first appearance of such information under one 
cover. It begins on page S-! of this issue. 
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Comprising 


TOP—-AUTOMATIC OR PUSH BUT- 
TON ROTARY SELECTOR. 


CENTRE—G-M RECORDING ADAP- 
TOR. 


BOTTOM—STANDARD LABORA- 
TORY G-M EQUIPMENT. 


A Standard Laborotory 
Pen Recorder is shown 
on the left 


G-M tubes of various types, for use with the 
above, or with other makes of equipment, were 
The full range described in our advertisements in the December, 
* anuary and February issues of this journal. New 
of our equipment temperature fillings now eilahile at no extra 
can be seen on charge. Details on request. 
We are manufacturers of a highly sensitive port- 
S T A N D able G-M counter and of the N.R.D. X-Ray Auto- 


timer Control. Other instruments and tubes are 





06 under development. If you have any problems you 
No. 1 would like to discuss with us we shall be very 
happy to hear from you. 


aan NUCLEONIC & RADIOLOGICAL 


ssi: Sil O08. | DEVELOPMENTS LIMITED 
a 77 KING'S RD., LONDON, SW3, ENGLAND 


Cables: ‘ENARDE’ LONDON 


Instrument 
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High Efficiency Unlimited Life 
COUNTERS COUNTERS 


counters with bismuth coated * THE K-3 pre-flush, flow-type counter 

f ounting alphas, betas, or gam- 

tron counters with 96% mas. May be operate 1 as a GM or 
| BF, filling. brass o oportional counter. Made to fit 


wall, size and pressure to specified sample dishes 


Fe 
- 
_ 


ll beta counters. Bra 
imma COU , Mica 1 Jou 


N. WOOD COUNTER LABORATORY 


5646-48 HARPER AVE. CHICAGO, ILL. 











From a Single Dependable Source — Every Need in 


ATION PROTECTION 


ISOTOPE FUME 
HOODS BUILT 
TO SPECIAL 
REQUIREMENTS 


we are prepared to 
design special hoods, 
enclosures, sinks and 
cabinets to meet your 
specific needs. We invite 
inqutrtes and 
consultation. 


Stainless Steel Hoods « Aluminum Hoods 


© Wood Hoods « Lead Safes ¢ Transportation 
Cases * Beta and Gamma Shielding Hoods B R- 
® Marine Type Port Windows * View Windows 


Special Corrosion Resistant Paint Finishes 


BAR-RAY PRODUCTS, Inc, 209—25th 51. BROOKLYN 32, N. Y. PHONE: sOuth 8-5225 
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HOW VERSATILE CAN SMALL RESISTORS BE? 





Versatile enough to suit your critical 
electronic circuits? Small enough to 
fit in crowded chassis? Consider the 
two above... 


initial cost, lower mounting cost, and 
flexibility in providing taps at low cost 
—all add up to economy. Light weight 
and space saving characteristics make 


° thi i rtabl i ent. 
IRC Advanced Type BT Resistors can ee Seneae Soe out piietieiue 


have set new performance records for . 
fixed compositions—meet and beat Send for full technical data on these 


JAN-R-11 Svecifications : 1 IRC resistors—and be sure to ask 
er tae Wel Tone BTR ss Type about our Industrial Service Plan. It 
BTS are tiny units—only 38¢’" in ¢?ables your IRC Distributor to give 
body length! - ‘ 7 7? you ’round-the-corner deliveries of 


minimum 4 ery ht from 
IRC wire-wound Type MW’s are local stocks. International Resistance 
unsurpassed for adaptability to a wide 


Co., 401 N. Broad St., Philadelphia 8, 
variety of design requirements. Small, Penna. In Canada: International Resis- 
flat design saves space. And lower’ tance Co., Ltd., Toronto, Licensee. 


ee ee ees 
INTERNATIONAL RESISTANCE COMPANY 
419-A N. BROAD STREET, PHILADELPHIA 8, PA. 


Please send me additional information 
on items checked below: — 


Power Resistors 

Voltmeter Multipliers 

Insulated Composition Resistors 
low Wattage Wire Wounds 
Controls « Voltage Dividers 
Deposited Carbon Precistors 
HF and High Voltage Resistors 
Precisions @ Insulated Chokes 


INTERNATIONAL RESISTANCE COMPANY 


401 N. BROAD STREET, PHILADELPHIA 8, PA. 


C) Advanced Type BT Resistors () Type MW Resistors 
(1) Nome of local IRC Distributor 

Name 

Title 

Company 

Address 














*. ARNOT @ ADV. AGENCY 


Vol. 8, No. 6- June, 1951 








RADIOISOTOPES 


Industrial Tracers 


All branches of industry may now 
apply Radioisotope techniques to their 
production and research problems. 
The United States Testing Co., Inc. 
has recently expanded its applied 
Radioactivity Division to undertake 
more and varied sponsored Industrial 
Research projects involving the utili- 
zation of Radioactive materials. The 
integrated research facilities of the 
United States Testing Co., Inc. are 
available for the solution of technical 
problems by this versatile tool. 

The investigation of a great variety 
of surface phenomena on a research 
and production scale has been success- 
fully completed using the Radioisotope 
technique. Radioisotopes have proven 
to be an 9 research tool in 
the study of diffusion, friction, kinetics, 
and organic mechanisms. Process and 
product control, determination of the 
homogeneity of mixtures containing 
important minor constituents, and 
other examples of the measurement 
of the flow or transport of materials 
are numerous. The Isotope Dilution 


PHILADELPHIA - BOSTON -PROVIDENCE: CHICAGO - NEW YORK 


Technique is finding a wide field of 
application as an analytical technique 
which yields quantitative data yet em- 
ploys only qualitative techniques. 

A competent research team is avail- 
able for the consideration and execu- 
tion of your work. The applied Radio- 
activity Division is under the direction 
of Dr. Charles E. Crompton, formerly 
with the Isotope Division of the 
Atomic Energy Commission, whose 
varied experience in this field dates 
back to the early days of the Manhattan 
Project. 

We invite inquiries from all seg- 
ments of industry regarding the poten- 
tial application of Radioisotopes to 
their problems. Sponsored research 
projects may be carried out at modest 
cost and without capital investment 
to client. 


Ask for our informative 
brochure “Radioisotopes 
— Industrial Tracers” 


UNITED STATES 
TESTING COMPANY, inc. 


Established 1880 
1460 Park Avenue, Hoboken, N. J. 


LOS ANGELES - DENVER - MEMPHIS 
Member of American Counc: of Commercial Laboratori 








LANDSVERK ELECTROMETER COMPANY presents its new line of midget 


FINGER and POCKET CHAMBERS 


For Radiation 
Protection 


OUTSTANDING 
FIRSTS! 


The firse chambers available commercially in 
midget size, for wear on the finger or 
around the neck 


The first high range chamber that can take 


Midget High Range 
Pocket Chamber 
(Model 1-50) 


Pocket Dosimeter 
(Model 1-25) 


Low Range 
Pocket Chamber 
(Model 1-65) 





over 100 umes full scale dosage of gamma 
rays without excessive leakage f 


The first commercially available chambers Lah 


that are energy-independent’ from 100kv 
% ‘ 
a 
o ve 


X-ray region up to gamma ray energies of 
—_ Chamber 
( 


radium 
The firse midget-sized, lightweight friction 
ode! 1-66) 


chargers, without batteries to replace 
Write fer full details. 





Low Range Charger 
And Reader 
(Model 1-60) 


Isotope Analysis 
Unit (Mode! 1-75) 


LANDSVERK ELECTROMETER COMPANY 


in Affiliate of 


TECHNICAL ASSOCIATES — 3730 San Fernando Road, Glendale 4, Calif. 


Pioneer Manufacturers of Radiation Instruments 
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Weston Reliability 


hh Sabi 


MICROAMPERES 
oc 


wWESTOM 





For the critical measurements encountered in nuclear research, 
electronics or in general test procedure, WESTON supplies a 
broad line of instruments in types and sizes for all require- 
ments. All embody true WESTON precision and dependability; 
and all D-C, rectifier type A-C and RF instruments have inbuilt 
magnetic shunts which permit minor field adjustments if nec- 
essary. Complete information is available from the WESTON 
representative near you, or direct; and full cooperation on spe- 
cial instrument requirements is freely offered. Weston Electrical 
Instrument Corporation, 616 Frelinghuysen Ave., Newark 5, 
N. J., manufacturers of Weston and TAGliabue instruments. 


WESTON Yuccmendi 
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{ 


Aunouncing 


a NEW, outstanding method for 





the detection of Alpha, Beta and 





Gamma radiation. 


ALPHA SCINTILLATION TUBE 


The NRC 


Counter’* 


Scintillation Geiger 
combines high effi- 
ciency scintillation techniques 
with the inherent advantages of 
the Geiger-Mueller photoelectric 


tube. 


The NRC ALPHA Scintillation 
Counter Tube” for health 


physics and general 


applications. 


(First of a series.) 


Model NRG-SIOA 
Standard type— 
2” sensitive vol 
ume (5-}” o.! 
x §” diameter) 


$57.50 


Model NRG-SI5A 
Portable Survey 
5 Type—2” sensi 
; tive volume (5” 
ot. x a” 
ter) $57.50 


diame 


* Patent 
NRG-SIOA for 


applied 


NRG-SISA 


., NUCLEAR RESEARCH 
‘2° CORPORATION 


2707-2711 FEDERAL ST., PHILA. 46, PA. 


HOW TO REMOVE 
RADIOACTIVE 
SUBSTANCES FROM 
EXPOSED SURFACES... 





BERSWORTH CHEMICAL CO. 
FRAMINGHAM, MASSACHUSETTS 








The November 


NUCLEONICS 


will bring you a new, 


and completely revised, 
nuclear buyers’ guide . . . 
listing all known manvu- 
facturers of equipment, 
materials, components 
and allied products used 
in nucleonic research, 
development, _ industrial 


and scientific applications 














7 


4 
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NOW- 
read pulse-rates DIRECTLY! 
—with RCA’s “plug-in” COUNT-RATE METER 


Type EMA-6 


This compact and easy-to-carry instrument 
indicates directly the average number of pulses 
per second. It is self-calibrating, by means of 
rectified pulses from the 60-cycle power line. 
It contains its own high-voltage d-c supply 
(0-2KV) for use with a wide variety of radia- 
tion detectors. It uses no batteries—operates 
from any 115-volt, 60-cycle, a-c outlet. 


“fs > <r ote 
tC op th at mene, 
es oe ee ee 


Ot oe oe ea 


The RCA Count Rate Meter is the ideal test- 
ing and safety instrument for any industrial 
plant where radio active material may be present. 
As a monitor, it can be used to determine the 
presence of contaminated material. As an as- 
saying device, it can be used to measure the 
activity of nuclear fuels or isotopes. It can be 
used for measuring absorption of nuclear radia- 
tion by various materials and for detecting the 
presence of radioactive isotopes in conjunction 
with tracer work. It can be used to study the 
characteristics of radiation detecting devices. 





The instrument is complete with AN connec- 
tor and six feet of coaxial cable for connection 
to a radiation detector. A phone jack for aural 
monitoring is also included. For complete in- 
formation write Dept. R-126, RCA Engineering 
Products, Camden, N. J. 


<q Count-Rate Meter, Type EMA-6. Selector switch 
permits choice of full scale counting rate of 10, 
100, or 1000 per second. 


SCIENTIFIC INSTRUMENTS 


RADIO CORPORATION of AMERICA 


ENGINEERING PRODUCTS DEPARTMENT. CAMDEN. Mt. J. 
in Canede: RCA VICTOR Company Limited, Montreal 
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The most popular |'*' detecting twins .. . 


RCL BISMUTH CATHODE GAMMA COUNTERS 


Described in Bulletin #10 


RADIATION COUNTER LABORATORIES, Inc. 
1844 West 21st Street, Chicago 8, Illinois 


Z yaluable tools 


Prevent costly delays in procuring your requirements by consult- 
ing Bud first. These two catalogs illustrate examples of over 
2,000 different sizes and types of Bud electronic components 
and sheet metal products . . . any one of which may be just 
what you need. The high quality of Bud products is the result 
of over 23 years of experience. Our engineering background 
and production facilities enable us to meet your specifications, 
give you prompt service and lower your costs. Send for 
catalogs today. 











Save with Safety! 


All Bud products are precision made and guaranteed—they 
include coils + chokes « condensers + connectors « dial locks « 
plugs « jacks « cobinets « chassis + cases + racks + angles « 
brackets + plates « boxes « panels 


For special items, send us your blue prints for estimates; our 
engineering staff is always available for consultation and 


Bud Radio, Inc., 2118 East 55th Street, Dept. N-6 Cleveland 13, Ohio 
Send FREE catalog on [ | Sheet Metal [ | Electronic Components 


NAME 





ADDRESS STATE 
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Van de Graatt ACCESSORIES 


Apparatus originally de signed for use with Van 


for general scientific use en can now be supplied by 


Engineering Corporation for 
other scientific applic ations 


VACUUM EQUIPMENT 
© Mercury-diffusion pumping systems) 
© High-vacaum gate valves — 
° Metal ionization gauges 
© Liquid-air traps 


10N- BEAM ACCESSORIES ES 


4 © Analyzing magnets fi 
e Nuclear target holders 

© V-S-C chambers 
(viewing-shaping-collecting) _ 


ELECTRONIC SYSTEMS 


® Microcoulomb integrators 
® Integrating radiation ddecuhers: 


® lonization gauge circuits 6 


, Ps , : 
engineer other spec ialized equip- ments. Write for complete information about 
{ a similar nature to suit your require- our accessories. 


HiGu VoLTAGE ENGINEERING CORPORATION 


7 UNIVERSITY ROAD CAMBRIDGE 38, MASSACHUSETTS 
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PACKAGED... 


Electronic Functions 


Servomechanisms, Inc 
oTsMmolaelelalb 4eli(olaMmel-aceli-te, 
to the design.and 
elgeloltailels Mol ae-1i-1aiaelelie 
components of maximum 
ey -tacelauilelala-Meelalommellellia7 
Engineered for... 
Precision Performance. 
Simplified Maintenance 
Rapid Response 

and Stability. 
Miniaturized for 
Minimum size and Weight 


INFORMATION FOR SPECIFIC 
APPLICATIONS ON REQUEST 


POST & STEWART AVENUES, WESTBURY, N. Y. 


Fort Lauderdale, Flo. * El Segundo, Cal. 
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SEARCHLIGHT SECTION 
weg“ OPPORTUNITIES” 2020s 


LNDNSPLAYED KALE the omces menuoned without additional charge 


Discount of 10° is allowed if full payment is made 
in advance for 4 consecutive insertions 


Not ble for equipment advert ising 


$1.50 a Lin m 3 hnes. To figure advance 


0 sverage words as a line DISPLAYED RATE 
NDIVIDUAL EMPLOYM 


ENT WANTED undis- The advertising rate is $15.00 per inch for all adver- 
one-half of above rate tising appearing on other than a contract basis. Con 
‘ ‘ tract rate quoted on request 
e additional line in advertising inch is measured 7% inch vertically 
1 each day as received at each of on one col., 3 col.—-30 inches to a page 
i at the New York office, 330 West 42 St., N. Y. 18, by June 2ist will appear ir 


the July issue 








SO GD DPD LD LD LP LP LP LAP OLD LD AD AP AP AP OLD AP AP AP AP AP LP OAD Oe 


ELECTRONIC ENGINEERS 


who have at least 5 years of good experience in Nucleonics, Radar, Guided 
Missiles, Computors or Allied fields are desired immediately for development 
work on new instrumentation. These positions give opportunity to exercise 
judgment and initiative. Ours is a growing concern with progressive ideas. 
Those associated with this company have real opportunities for advancement. 





We will be pleased to hear from qualified men. Please send resume to Per- 
sonnel Director and phone for appointment. 


Snacerlals 130 High Street, Boston, Mass. 


DODD LL LOLOL LL LD PPP LPL LPP LPP PL 


DPOLDLD LEAP OLD LP OLD OLD LP 














PHYSICIST WHERE TO BUY 


Design, Develop, Geiger Counters, Volt- 
age Regulators, and other Gas Discharge 
Tubes Degree Plus 4-5 Years’ Ex- 


perience Required Immediate Delivery 


© DEVELOPMENT ENGINEER VIBRATOR-TYPE SURVEY METERS 


Vibrators, Small Transformers, Electric 
Circuits Degree Plus 4-5 Years 
Experience Required 




















No D. O.'s Necessary 
F S$ 9958 Nucleonics 
2 ’ 1 = 4 
Agety Oy Loner or lu Penee Yo 330 W. 42nd St. New York 18, N. Y 
JOSEPH B. STICKNEY 
VICTOREEN INSTRUMENT CO. 


5806 HOUGH AVE., CLEVELAND 3, 0. PROFESSIONAL SERVICES 



































Use this section 
when ever vou wish to offer or VIDEOSER VICE 
secure. economically and effec- Servicing Nuclear and Electronic Equipment 
tin Ke business opportunities in The New York City Area 

Arbreed: PI Phe INQUIRIES FROM MANUFACTURERS AND 
personal and used or surplus LABORATORIES INVITED 

new equipment of interest to Videoservice division of Video Television Inc 
this field 37-01 Vernon Bivd., Long Isiand City 1, N.Y. 
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Use These @AYIHEOn) SUBMINIATURE TUBES 


For Civilian Defense Radiation Instruments 
Of Atomic Energy Commission Design 


RAYTHEON* 
CK 1035 
Radiation 
Counter 
50 va @ 
500 Roentgens /HR 


*700 Volt Opera- 
tion Self Quench- 
ing Halogen Filled 
Long Life 

Each Tube Will 
Drive A 50 va 
Meter Without An 
Amplifier 


RAYTHEON* 
CK 1034 
Radiation 
Counter 
50 va (@ 
5 Roentgens/HR 


RAYTHEON 
CK 1037 
Voltage 


RAYTHEON 
CK 1036 
Cold Cathode 
Rectifier Regulator 
Half Wave-Gas Corona Discharge 

Filled 100 va Type 
Average Current 700 Volt 
Regulating Voltage 

15 Volt 
Regulation 
5—100 ua Range 


5 va Mox. 
Inverse Current At 
—1000 V. 
2800 V. 
Peak Inverse 





These tubes developed for A.E.C. by Raytheon Mfg. Co. 





For complete description of an instrument 
read ‘'Geiger Counter For Civilian Defense 
Use", NUCLEONICS, June, 1950; or “An 
Inexpensive, Wide Range Gamma Roy 
Geiger Survey Meter,” A.E.C. Publication 
NYO 1538. 





RAYTHEON Quality Nucleonic 
Tubes include: 

@ Radiation Counter Tubes 

@ Voltage Regulator Tubes 

@ High Voltage Rectifier Tubes 

@ Electrometer Tubes 

@ Subminiature Amplifier Tubes 


_,, RAYTHEON MANUFACTURING COMPANY 


Special Tube Section 
55 CHAPEL STREET, NEWTON 58, MASS. 


445 LAKE SHORE DRIVE, CHICAGO, ILL 
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Practical Aspects 


of 





Radioactivity Instruments 





Introduction 


Until now, information on the many practical aspects ot radioactivity instru- 
ments has never been gathered in one place. On the basis of many requests 
from readers, the editors of NUcCLEONICs felt that an introduction to the prac- 
tical considerations involved in instrumentation would be useful. 

The design and fabrication of radioactivity instruments has advanced con- 
siderably in the past few years. Not long ago the making of a single Geiger 
tube was an art. Now, although we are far from solving all of the problems 
connected with them, many companies mass-produce G-M tubes. 

However, there is no question but that the nuclear instrumentation field is 
still in its infancy. This is reflected to a certain extent in the material that 
follows. The section on calibration, for example, does not by any means con- 
tain ‘‘the last word” on this subject. This is so primarily because much 
remains to be learned about calibration of certain types ol instruments, espe- 
cially neutron detectors. 

Still something of an art is the construction of electronic devices. The 
techniques of construction are best learned by experience, and by careful 
observation of the workmanship of experienced technicians. And an under- 
standing of the design and operation of a circuit can greatly facilitate intelli- 
gent construction; with this understanding one can not go far wrong in con- 
struction. But, for those who lack this experience and knowledge, there is a 
lack of collated, basic information, not only about construction, but about 
testing, servicing, and calibration. 

We have thus asked the authors to provide a basic guide for the readers. 
Where possible, examples and solutions of problems have been given. Refer- 
ences can be referred to for further information. 

In general, design considerations have been omitted. They have only been 
included where necessary for an understanding of the text. 

This report is divided into three sections: 

1. Construction—-W. C. Elmore, H. Kallman, and C. E. Mandeville 
p. S-3 

2. Testing and Servicing—W. J. Ladniak—p. 8-13 

3. Calibration——L. D. Marinelli—p. 8-20 

Because practical information on instrumentation is of very great interest, 
NucLeontics will publish more extensive articles on the various phases dis- 
The Editors 


cussed here in future issues. 
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—__Construction 


W. C. Elmore 
H. Kallman 
C. E. Mandeville 


THERE ARE TWO Ways in which con- 


struction of instruments may be dis- 


One is to choose a particular 


( ussed 


representative’ instrument and de- 


scribe its construction step by step. 
The other is to divorce design considera- 
tions as much as possible from the dis- 
cussion and consider those construction 
practices which are applicable to broad 
This latter 


course is limited because much of the 


ireas OT instrumentation, 


information must be qualitative, but it 
has the advantage that the information 
so presented is more widely applicable, 

This article follows the second course. 


To facilitate discussion, it is divided 


into two sections, circuits and detectors. 


These are further subdivided to deline- 


ate construction practices for types of 


instruments. Except where absolutely 


design is not considered, 


necessary, 


CIRCUITS 


electronic circuits used in counting 


may be divided into two classes; high 


signal level and low signal level. Count 
rate meters and sealers fall in the first 
class; preamplifiers and amplifiers in the 


sf cond 


Phe information on circuit construction was 
ited by Dr C. Elmore, Department 
Swarthmore College, Swarthmore 
Pa.; on scintillation counters by Dr. H. Kall 
Department of Physics, New York Uni 

New York, N. Y.: on Geiger counters 
by Dr. ¢ I Mandeville, Bartol Research 
Foundation, Swarthmore, Pa rhe informa- 
tion on ionization chambers was taken from the 


literature 
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The method of wiring and construct- 
ing a circuit depends both upon the 
signal level and upon the rise time of 
the signals. In general, the lower the 
signal level and the shorter the rise time 
the more critical the wiring becomes. 
In this article, components, chassis con- 
struction, and wiring are first discussed 
as they apply to all instruments, with 
differences between high- and low-level 
Then 


specific 


applications being pointed out. 
the 
types of circuits are considered 


special requirements of 


Components 
hee it 
that 


components 


A review of components has 


presented previously (1 Since 


review, a number of new 


have been developed Deposited car- 
bon resistors, smaller electrolytic capac- 
itors, and compact ceramic capacitors 
can aid construction, but are usually 
the 
Perhaps ceramic capacitors can replace 


used in same manner as before. 


micas in many applications, but manu- 
facturers’ specifications for temperature 
ratings, and loss 


coefficients, voltage 


characteristics at several megacycles 
should be checked. 

Capacitors ordinarily should not be 
used in parallel to obtain the desired 


The 


parallel capacitors may form an oscil- 


capacitance ina fast pulse circuit, 


lating circuit, and can have a very high 
impedance at a particular frequency. 


If such a circuit were used as a bypass 


S-3 





for high-frequency components of a 


would be shock-excited 


This 


ticularly troublesome in pulse amphi- 


transient, it 


and oscillate, behavior Is par- 


fiers. Where high-level pulses are used 
and their shape and amplitude is not of 
importance, the formation of an oscil- 
lating circuit may not be troublesome. 

Tolerances. Use of at least 10% 
tolerance components in all circuits 1s 
recommended. Most circuits are criti- 
cal enough that higher tolerance may 
affect Often the 
designer specify 
It usually does not 


operation, eircult 


will components of 
lower tolerance. 
pay to obtain 20% tolerance parts and 
expect to select those with closer toler- 
ance since the manufacturer has already 
applied selection to obtain his 5 and 
10°; tolerance parts. 
Selection of tubes. In the case of 
tubes used for the input stages of a pre- 
amplifier, it is best to test a number of 
that 


In most applications, how- 


tubes and select those give the 


least noise, 
ever, no special selection of tubes is 
necessary. Artificial aging of electrom- 


eter tubes to reduce flicker-effect noise 


at low frequencies has been reported 


(page 12 of ref. 2). 

Line noise. Noise, causing spurious 
counts, can get into a circuit through 
the power line or by electromagnetic 
radiation. In high-level devices, this 
With ampli- 


fiers and other low-level devices, how- 


may not cause trouble. 
ever, it is best to use transformers that 
have electrostatic shielding to isolate 
from the Line 


the equipment line. 


filters can be used, but they are usually 


not built into the equipment (3 


High-voltage transformers. High- 
voltage 60-cycle transformers that do 
(and 
difficult 


construction of a 


not undergo corona breakdown 
thus give spurious pulses) are 
to obtain. In 
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pro- 


portional-counter or ionization-chamber 


circuit (or any other low-signal-level 


device), it would appear advisable to 
use a voltage doubling circuit to obtain 
the necessary high voltage. 

In G-M counters, an r-f transformer 
is often used to supply high voltage. 
The transformer and the accompanying 
electronic circuit should be adequately 
shielded, with some provision for air 
flow to provide cooling. There is some 
danger that the r-f high-voltage circuit 
may interfere with the operation of a 
low-level detector, such as a_ pulse 
ionization chamber, located in the same 
laboratory. 


Chassis Construction 

It is desirable to have all laboratory 
instruments constructed for relay rack 
mounting, because grouping and inter- 
connecting several pieces of apparatus 
for a given experiment is thereby sim- 
plified. If necessary, relay-rack instru- 
ments that are going to be used indi- 
vidually can be put in separate boxes, 
but there is no harm in setting an open 
relay-rack chassis on a table. 

The simplest and easiest method of 
relay rack construction is to employ a 
conventional chassis with side brackets 
to support it. This style of construc- 
tion does not lend itself to easy servicing 
if the chassis is one of several in a relay 
rack. 


itated by using the ‘‘bathtub”’ type of 


Servicing can sometimes be facil- 


chassis—the underside of the chassis 
faces the relay rack panel, and the 
tubes project horizontally to the rear. 
In this case a section of the front panel 
can be made removable for servicing. 
This complicates construction because 
the space on the front panel for controls 
must in 


connected to the circuit 


Is limited, and the controls 
some way be 
either before or after the chassis and 
panel are clamped together. 

\ file-drawer type of construction has 
Individual 


chassis could then be pulled out. pro- 
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vided that the cables connecting the 
different equipment in the rack are of 
sufficient length. It is possible to fold 
up a chassis, leaving the sides open for 
servicing. This and other styles of 


construction have been de- 


( hassis 


scribed previously 1 Good exam- 


ples of various styles of construction 
can be found in commercial instruments. 

Portable instruments. Two partly 
contradictory must be 
The in- 
strument must be rugged, but at the 
Thus, the 


chassis should be kept to minimum size 


requirements 
met in portable instruments. 


same time it must be light. 


and subminiature components used 


Tube 


components 


where possible. clamps and 


firm anchoring of adds 
ruggedness 


Shock 
portable 


mounting of the chassis in 


survey instruments is ordi- 
if the instruments 


The 


of shock mounting is to 


narily not necessary 
are handled with reasonable care. 
main purpose 
avoid microphonics caused by vibration 
during use, and the human body acts as 
a good shock absorber. Wiring should 
be rigid, however; this is discussed in 
more detail under count-rate meters, 

It is good practice to enclose portable 
survey instruments in water-tight cases, 
Rubber or synthetie gaskets can be used 


to seal joints in the outer case, 


Circuit Wiring 


Circuits can be wired either point-to- 


point or with resistor mounting strips. 
Where only a single unit is being made, 
or where it is anticipated that changes 
may be made in the circuit after it has 
been constructed, point-to-point wiring 
better 
mounting strips require con- 


appears to be the method. 
tesistor 
siderable care in their layout, especially 
if individualized strips are made for a 
circuit 


particular Their use appears 


to be worthwhile if a number of units 
of the same circuit will be built. 


For the same reason, plug-in units 
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are most useful in quantity production. 
They can be used to offer variations of 
a circuit within the same general instru- 
For the individual constructing 
only one instrument, plug-in units have 
They can 
laboratory 
where a large number of units are in use. 


ment. 


little to recommend them. 


facilitate servicing in a 


Lengths of leads. 


leads that carry a signal should be kept 


In general, any 


short. 
be kept short to avoid pickup of hum or 
extraneous 


In low-level stages, they should 


transients. In any case, 
where one is dealing with fast signals, 
leads should be short to reduce stray 
capacitance, which will increase the 
rise time of the signal. 

In laying out a circuit for fast opera- 
tion, such as a pulse amplifier, one must 
mind the Miller effect—the 


amplification of the capacitance be- 


bear in 


tween the grid and plate leads to a tube 
by an amount equivalent to the gain of 
the tube. Thus, plate and grid leads 
on the same tube should be as far apart 
as possible. 

In a very fast amplifier or scaler, cer- 
tain leads such as that from cathode to 
ground do not appear to carry a voltage 
signal, but do current. It is 
undesirable to have the cathode ground 
lead too long, since it has inductance 


carry 


and a current can generate a signal volt- 
age. This is also true of the lead from 
the plate resistor to the plate decoupling 
capacitor. 

‘his may not be important in the 
usual sealer where the induced signal is 
in millivolts and the signal in the scaler 
is in volts, but if an amplifier and sealer 
are built in the same chassis, the signal 
induced in or by a current-carrying lead 
in the sealer may induce signals in the 
amplifier. 


Count-rate Meters 
It is necessary to mount high-meg- 


ohm resistors used in counting-rate cir- 
Bakelite and 
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cuits on good insulators. 








insulators which tend to 


should be 
Usually surface leakage is more impor- 


other plastic 


moisture avoided 


souk up 


tant than volume leakage. Glass in- 


sulators be washed with aleohol 


then 
reduce surface leakage caused by hu- 


ean 


and coated with ceresin wax to 


midity eertaimn silicone compounds can 
ilso he used 
\ charge can accumulate on insula- 


tors used to mount high-megohm  re- 


sistors If mechanical parts move, as 
ina vibrating-reed electrometer, or if a 
field 
induce a 
The 


and thus the induced voltage may drift 


moves im the cireuit, the 


this 


wire 


created by charge can 


spurious voltage signal charge 


with time and cause the zero of the 


instrument to change 
It is 


the insulation electrostatically so 


to shield 
that 


important, therefore, 


there will be no lines of electrical force 


between the charged insulator and the 


vibrating part It is usually impossible 


to effeet complete shielding In all 


iSOS, and construction should 


wiring 
he as rigid as possible, to minimize the 


effects of vibration 


Mounting of electrometer tubes. 


Klectrometer tubes are microphonic, 


ind vibration of an electrometer tubs 


may change the grid spacing and thus 
the zero Therefore these tubes should 


bv mounted with aorubber clamp 


This 
portable 


or other shock-absorbing device 
is especially important in 


instruments 


Scalers 


Diodes used to couple the stages ol a 


binary sealer need not be matched, 


since they are essentially operating in 


an on-off" fashion. If germanium 


diodes are used, however, it pavs to 
test their back resistance with an ohm- 
and use only those with 

Ciood 
back 


megohm when messured with an ordi- 
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meter a high 


resistance germanium diodes 


show a resistance of about 1 


nary ohmineter; poor ones, a resistance 
as 100.000 ohms or less Also, 
temperature 


is low 


germanium diodes are 


dependent, and should not be used 


where the temperature will be high 


If used, they should be mounted away 
from resistors which heat them 


The 


interpolation lights should be mounted 


may 


series with the neon 


resistors in 
near the tube socket to avoid adding 
stray capacitance to the plate cireuits 


of the flip-flops. 


Matching triodes and resistors. ‘The 
aecuracy with which tubes and resistors 
in a sealing circuit must be matched 
depends in part on the speed at which 
the sealer has been designed to operate, 
In a 5-psec sealer, almost any triode of 
the type called for in the design is usu- 
ally found satisfactory. 

In constructing a sealer, it pays to 
mateh the resistors in the flip-flop cir- 
cuits. It is usually not important that 
the resistors all have exactly the same 
Thus 


groups of resistors called for and sort 


value one can measure the 
them into pairs of approximately equal 
These 


svinmetrical 


value pairs are then used in 


positions in the various 
flip-flops. An advantage of this pairing 
method is that it does not require more 
resistors than are used in the cireuit. 
There are plug-in sealing units avail- 
able commercially \ small laboratory 
‘ould simplify construction of a sealer 
these units, but the charac- 
the 


preset, and servicing, if only one sealer 


by use of 

teristics of instrument would be 
were built, would not be facilitated to 
anv great extent 

Binary versus decade. Kuper has 
discussed the choice of binary or decade 
tvpe of sealer (4 Binary scalers are 
inherently more stable and less critical 
back 


easier to construct. \ 


because feed is not employed. 
Thus they are 
decade sealer does eliminate compli- 


eated interpolations and Is easier to 
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use, but a binary sealer can be built to 
operate at higher speeds than those 
achieved with a decade sealer. 


Preamplifiers and Amplifiers 
To keep pulse rise time short in am- 
plifier circuits, the stray capacitance of 
signal-carrying leads from the plate of 
one tube to the grid of the next must be 
choice of 


minimized In addition, 


tubes can affect rise time: tubes with a 
figure of merit 
This is, 


design, not construction. 


high gain-bandwidth 


should be used, however, a 
matter of 
Straight-line 


construction ordinarily 


should be adopted, That is, successive 


tubes in an amplifier should be placed, 
one after the other, from one end of the 
chassis to the other. Where space does 
not permit this style of construction, it 
is possible to fold the amplifier back on 
itself i shield is used between the two 
sides 


With this type of construction, 


it is unnecessary to shield each stage 
separate) 

Where there is a chassis ground, it is 
advisable to have a local ground at each 
sockets grounding 


stage Tube with 


rings are strongly recommended; they 
facilitate grounding locally at each tube. 
All ground leads should be soldered. 


In a pulse amplifier, a ground bus for 


stages, which is then connected to 
the chassis at only one point, is usually 
this 


construction is sometimes used 


undesirabl In a preamplifier, 
type ol 
to minimize the pick-up of extraneous 
transients 

In most high-speed circuits, it is com- 
mon practice to ground one side of the 
heater leads. Usually the circuit does 
not respond to 60-cyele and the hum 
problem is not important. However, 
grounding of one side of the heater can 
help shield the signal-carrying leads, 
For example, in the usual pentode, 


such as 6AC7, the heater pins are 2 


and 7, pin Sis the plate, 1 is the ground, 


is the s ippressor (goes to ground or 


( ithodse 
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potential), and 6 is the sereen 


(bypassed to ground By grounding 
pin 7 of the heater, the plate lead is sur- 
rounded by two grounded pins, effec- 
tively shielding the plate. In addition, 
the high side of the heater (pin 2) is 
surrounded by two grounded pins. 
This manner of connecting the heater 
aids in preventing oscillation in high- 
gain pulse amplifiers (by regenerative 
feedback through the heater leads). 

In the case of miniature sockets, the 
central sleeve and the heater pin nearest 
the grid should be grounded. 


Preamplifiers 
the de- 


Preamplifier coupling. 
are usually mounted as near 
tector as possible because the amplitude 
of the voltage signal is inversely propor- 
tional to the capacitance of the detector 
and of the leads. The noise in the eir- 
cuit is set primarily by the shot effect 
in the first tube. Thus, to achieve a 
good signal-to-noise ratio, the capaci- 
tance should be kept as small as 
possible. 

If design considerations make it 
necessary to separate the preamplifier 
from the detector in a low-level device, 
the capacitance of the connecting cable 
should be as low as possible. A home- 
made cable of brass pipe about an inch 
in diameter with a fine wire stretched 
down the middle can be used. Such a 
cable is sometimes used in reactors if it 
is undesirable to place the metal of the 
flux region 
If there 


is voltage between the wire and the 


preamplifier in the high 


where the detector is located. 


pipe, vibration can induce a signal, but 
this signal is in the audio range and can 
be attenuated by a pulse-shaping cir- 
cuit in the amplifier. 
Shielding of cables. The problem 
of shielding electronic apparatus has 
Cables 


associated 


never been completely solved. 


connecting detectors with 
circuits should be shielded, but a single 
layer of shielding is probably insufficient 


if the apparatus is used where bad elec- 
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tromagnetic disturbances occur, as in 
the vicinity of a eyelotron. The prob- 
lem is aggravated because the cable is 
grounded at several points—at the 
detector, the amplifier, and the counting 
circuit 

Multiple shielding is a possible solu- 
That is, in addition to the usual 
shielding, a shield 
this shield 


grounded to the first at only one point, 


tion 
second would be 


used; second would be 
This type of shielding, however, is dif- 
ficult to carry out in practice, 

Another partial solution to the shield- 
ing problem is to raise the signal level, 
1-volt before the 
transmitted 


perhaps to a level, 
long 
cable, for instance, from a preamplifier 


Such a 


signal is through a 


to the main amplifier. pro- 
cedure complicates the design of the 
preamplifier, but should result in a de- 
crease in the number of spurious counts 


caused by inadequate shielding. 


DETECTORS 
Most 
carried out with one of four types of 


radiation detection today is 
detectors: Geiger-Miiller counters, pro- 
portional counters, scintillation count- 
ers, and ionization chambers. Because 
G-M 


tional counters is similar, they 


the construction of and propor- 
have 
been considered together. Since com- 
mercial photomultiplier tubes are usu- 
ally used in scintillation counters, only 
construction external to that tube will 


be considered, 


G-M and Proportional Counters 


The most common type of G-M and 
proportional counter has a cylindrical 
cathode and a single wire anode sup- 
ported within it. kither glass or metal 
is used to form the counter envelope, 
conventional and 


and glass-blowing 


metal-fabrication techniques are used. 
The most common metals used are cop- 
The 


usually 


per, brass, and stainless steel. 


parts of metal counters are 


soldered together, and nonacid flux is 
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used to avoid eating away of the metal 

and contamination of the counter. 
Where 

desired, glass can be pinched during 


noncylindrical shapes are 


blowing to form corners; metal parts 
can be cut and formed to the desired 
shape and soldered or brazed together. 

The choice of metal or glass construc- 
tion is governed to some extent by the 
application, but a metal counter is 
easier to fabricate since the envelope 
itself forms the cathode. However, as 
discussed later under outgassing, a glass 
counter may offer certain advantages. 

Cathode construction. In a glass 
counter, the cathode can be formed by 
plating or evaporating metal on the 
Col- 


loidal graphite coatings are sometimes 


interior of the glass envelope. 
used and are brushed or sprayed on. 
Although evaporation techniques can 
provide a cathode of uniform thickness, 
vacuum evaporation chambers are re- 
quired for their deposition. 

Perhaps the easiest way of providing 
a cathode in a glass-wall counter is to 
insert a sleeve of metal. Tubing of the 
desired diameter can be used, or metal 
plates or wire mesh can be formed over 
When 


cathodes are formed from solid plates, 


mandrels of the proper size. 
the seam can be soldered, brazed, or 
spot welded to provide solid construc- 
With mesh, a double fold is used 
to form the seam. Copper wire screen 
of 50-80 mesh is usually used. The 
lead to such a cathode is spot welded 


tion. 


in place. 

Copper is widely used in cathode con- 
struction because it is easy to fabricate. 
When a than 
copper is desired, it can be plated on the 
This plating method is par- 


cathode surface other 


cathode. 


ticularly useful when a bismuth cathode 


is desired, since bismuth itself is brittle 
and hard to work (4, 6). 


Oxidized cathodes. Design consid- 


erations sometimes call for an oxidized 
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cathode surface Oxidized surfaces 


are usually less photosensitive, but 
there have been cases where oxidation 
increased photosensitivity. To oxidize 
the cathode, air can be admitted to the 
counter while it is at high temperature 
Another method 
oxidation (2) is to heat the 


cathode in the presence of NOs. 


during outgassing. 


tor cathode 


Anode wire. Tungsten is commonly 
the central wire of a counter 


followed at 


used for 

\n empirical rule 
Bartol Research Foundation limits the 
diameter of the central wire to 5 mils; 
3-mil there. 
Some commercial end-window counters 
10-mil 
difficult to 


counter witl 


wires are usually used 
wires, but it is 
cylindrical 
a central wire larger than 
break 


have central 


construct a 
5 mils that will not down in 
operation 
wire should be free of 
that will 
concentration of electric field. 
method 
is to pass an electric current 


The central 


burrs or other protrusions 
CUUSE a 
\ simple for smoothing out 
the wire 
through it, after assembling the counter, 
until it is heated to between red and 


white hot, and then allow it to cool. 
During heating, the wire will sag, but 
it will snap back to its original position 
when the current is turned off. 
Mounting of anode wire. Various 
methods have been proposed for mount- 
ing the anode. In a glass counter, the 
simplest method is to use thicker wire 
as the end supports and hook or solder 
the anode wire to it. The supports 
run through the glass envelope, which 
is sealed vacuum-tight around the wire. 
In a metal counter, one end of the anode 
is fastened to a small rod which passes 
through an insulator in the metal cap; 
the other end is fastened to a glass hook 
or other insulating device which is 
attached to a wire run through the other 
eap and soft soldered vacuum tight in 


place at the point of exit. 
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For mounting the anode wire in 
metal-wall counters, insulators such as 
quartz, glass, porcelain, mica, Lucite, 
polystyrene, fluorothene, polyethylene, 
Tefion, Kel-F, and Kovar glass can be 
used (2, 8). They can be held in place 
by rubber or metal gaskets, solder seals, 
or Wax. 

Some method must be employed to 
keep the anode under tension during 
assembly. A simple method is to 
attach one of the support wires to a cord 
running over a pulley to weights. 

Filling tubes. A filling tube can be 
either attached during glass blowing, 
or formed of a short length of copper 
tubing soldered into a hole in one end of 
a metal counter. This tube is used to 
connect the counter to the outgassing 
and filling systems. 

Thin windows. Thin “bubble” win- 
dows can be formed by glass blowing, 
but it is difficult to make them repro- 
ducibly. Mica 


in end-window 


windows for insertion 
counters can be made 
more reproducibly. They can be held 
in place by several methods: by com- 
pression seals, by wax, by evaporating 
a thin metal coating on their perimeter 
and using glass-to-metal seals, or by 
using a low-temperature polymerizing 
fusion seal (7 

A metal grid can be used to support 
the window. This grid can also reduce 
the distortion of the counter field caused 
by the window. Another method used 
to reduce this distortion is to apply a 
coating of colloidal 


thin external 


graphite to the window. 

Cleaning. Prior to assembly, the 
cathode and other counter parts should 
be cleaned and polished. Shiny copper 
cathodes are achieved by cleaning with 
dilute nitric acid. Sometimes an addi- 
tional step, heating in the presence of 


hydrogen, is used. When a glass en- 


velope is used, the cathode is dipped 
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into the acid pnor to insertion in the 
envelope After assembly, the counter 
is flushed out-and allowed to dry \t 
Bartol, 


Ww ashed 


metal-cathode counters are 
10%, 10°, 
sulfuric acid water solution; Aquadag- 


with a nitric acid, 


cathode counters are washed with pure 


water only 


Outgassing. 


sing is to remove from the counter elec- 


The purpose of outgas- 


tronegative gases and other impurities 
which interfere with counter operation 
\ subtlety not often appreciated is that 
gases occluded in the metal parts of a 
counter can cause delays in counter 
action which lengthen the double co- 
incidence resolving time of counters 
that are employed in coincidence count- 
ing, and the maximum double coinci- 
resolving time is thought to be 
At Bartol, double 


times of 3.5 & 


denee 
about 1 &* 10°° see, 
coincidence resolving 
10°* sec have been achieved with G-M 
counters in coincidence without genuine 
coincidence loss; this is attributed to 
the use of glass-envelope counters which 
have been properly outgassed, It ap- 


pears impossible to outgas all-metal 


counters to this extent because of the 


greater occlusion — of electronegative 
gases and because temperatures higher 
than the melting point of the solder or 
other sealing compound cannot be used 
In outgassing 

Outgassing is accomplished by vac- 


uum pumping the assembled counter 


at forepump pressures (107° mm Hyg) for 
several hours, at the same time heating 
the counter to about 400° C in an oven 
The counter should be allowed to cool 
before being removed from vacuum. 
Filling. ‘The filling gas is chosen on 
a design basis and will not be discussed 
\ filling gas reservoir, gas purifiers, the 
counter to be filled, a pressure-measur- 
ing device, and a vacuum pumping sys- 
common line 


tem are connected to a 


The entire filling svstem thus formed 
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s vacuum pumped, and the filling gas 


is then allowed to enter the system. 


Sometimes the counter is flushed with 
the filling gas prior to actual filling (9). 

\fter the desired gas pressures have 
been achieved, the filling tube is sealed 
off. Glass counters are sealed by heat- 
ing the filling tube, pinching it shut, 
and drawing it out and snipping it off; 
metal filling tubes are pinched shut, 
clipped off, and then sealed with soft 


solder 


Scintillation Counters 
Many problems result from the limi- 


tations of the photomultipher tubes 


themselves. The most important one 


is making the signal-to-noise ratio as 


large as possible. Some of the limita- 


tions can be compensated lor by means 


external to the tube, especially by 


coupling the seintillator to the photo- 


multiplier efficiently and obts ning a 


suitable signal-to-noise ratio 


ideal situa- 


Optical coupling. The 


tion is to have intimate contact between 


the erystal and the photomultiplier tube 


envelope. Seintillation crystals have 


high indexes of refraction—about 1.7 


and more—and if an air space exists 
between the crystal and the tube, inter- 
nal reflection in the crystal prevents 
the light 


Solid crystals which emit in the 


much of from reaching the 
tube. 
visible can be cemented to the tube with 
Canada Duco 
When a 1P21 tube, with the photosensi- 


tive cathode at the curved side of the 


balsam or cement, 


tube, is used, the crystal can sometimes 
be shaped to fit the tube exactly. With 
a 5819 tube, with the cathode at the 
end, the erystal can be flat and can be 
mounted on the end of the tube 

With liquid seintillators, the top of 
the tube envelope itself can be used as 


a part of the container for the liquid. 


This allows the desired intimate contact. 
Where it is necessary to use a crystal 
than the 


larger cathode, a 
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that is 





incated cone of Lucite or quartz can 
cemented between the crystal and 
tubs 

Light guides. Sometimes it is neces- 

sary to mount the ery stal at some dis- 

from the 


tance 


photomultiplier. — In 
a Lueite 


this case 


tube can be used to 
guide the light to the photomultiplier. 
Tubing with a higher index of refraction 
vould make a better light guide, but it is 
hard to obtain (An important feature 
of substances serving as efficient light 
guides is an extremely low absorption 
transmitted 


coefherent for the light 


since the light travels a considerably 
large distance through the light guide. 
Other light oil-filled 


brass rods with polished internal walls 


guides such as 
have been used in the past, but it is felt 
that Lucite performs better (10). 


Dark current and tube noise. The 
background of the tube is caused by 
thermal emission of electrons from the 
sensitive layers in the photomultipliers 
and can be reduced to some extent by 
cooling the tube with dry ice. Cooling 
with liquid air will reduce it to a mini- 
mum, Sometimes it is not possible to 
The 


pends, to some extent, on the type of 


use external cooling. noise de- 


the photosensitive layer; layers more 


photosensitive to the red give more 
4 


nos pulses 
The 
with photomultipliers can be influenced 


signal-to-noise ratio associated 
to some extent by external electromag- 
netic fields (11 The 5819 tube has a 
metallic coating on the inside of the 
but this does not sereen out 
It has been 
found that electrostatic shielding will 
The 


been ob- 


envelope, 
external fields completely. 
increase the signal-to-noise ratio. 
greatest improvement has 
tained by applying the cathode poten- 
tial to the shield. For the 
SR1O 


external 
tube. magnetic shielding is also 
recommended 


Since extraneous light must also be 
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prevented from reaching the cathode of 
the photomultiplier, the same shield can 
be used for both light and electromag- 
netic shielding 


Photosensitive counters. Mande- 
ville has described a method for produe- 
ing Geiger counters which are extremely 
photosensitive in the ultra-violet regions 

12). 
mounting 


The same problems of erystal 
obtain as with photomulti- 


pliers. In addition, the cement used 


for mounting must transmit in the 


ultraviolet region 


Ionization Chambers 


lonization chambers have been con- 
structed with a variety of metallic and 
nonmetallic walls, and in many configu- 
rations. Tissue-equivalent walls have 
been made with gelatin and _ plastic. 
Where nonconducting electrode mate- 
rial is used, a colloidal graphite (Aqua- 
dag) conducting coating can be applied. 

Since the ionization chamber is essen- 
tially a low-signal-level device, care 
should be taken to avoid microphonics, 
especially when an amplifier with a long 
This dic- 


lead electrodes 


pulse-clipping time is used. 
tates rigid construction 
have been used to provide additional 
of a 
a solid plate or 


rigidity. Sometimes use screen 
electrode in place of 
making electrode spacing as large as 
possible will aid reduction ;of micro- 
phonies (2). 

Insulators such as quartz, glass, por- 
celain, mica, Lucite, polystyrene, flu- 
Teflon, and 
Kel-F are used to support high-voltage 


orothene, polyethylene, 


electrodes (2). WKovar glass has been 
widely used. Insulator volume should 
be minimized to avoid production of 
These 


strains produce stray currents during 


strains during evacuation (13). 
operation. Where high humidity con- 


ditions occur, it may be necessary to 
coat glass insulators with ceresin wax 
to reduce surtace leakage. 


shock to the 
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To prevent electric 





operator, chambers have been coated 
on the outside with an insulating plastic 
Sprayed-on Krylon gave good results 
/ 


The choice of filling gas and its pres- 
sure is dictated by the use and design 
of the chamber. If distortion of pulse 
shape is not permissible because of 

considerations, electronegative 
such as O», and Cl. should be 
ivoided; they distort the pulse by elec- 


The 


design 
ZASECS 
electron 


tron attachment ?). 


attachment coefficient should also be 
considered in choosing polyatomie fill- 
ing gases. 

\ thin 


where it is desired to detect low-energy, 


window is sometimes used 


nonpenetrating particles. Thin Zapon 
film is widely used for this purpose (14 

The film is usually supported on a wire 
and broken 
easily, the grid must be carefully fabri- 


grid, because the film is 
cated so that no burrs or sharp pro- 


trusions remain to puncture the film. 
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Te NNER E 


Much TIME is expended by the design 
creating the circuit for a 
The best tech- 
niques known to him are used by the 


engineer mn 
radiation instrument. 
instrument mechanic in fabricating the 


circuit. But if the instrument is not 
properly tested and serviced, optimum 
performance will not be obtained. 

The primary purpose of testing an 
instrument is to determine whether it 
lives up to its specifications; servicing, 
of course, is done to keep it operating. 
In addition, testing and servicing pro- 
vide data which aid the development of 
future equipment by pointing up the 
shortcomings of present equipment. 

This article gives some of the tech- 
niques used to test and service instru- 
ments, and presents a method used at 


Oak 


and servicing. 


tidge to correlate design, testing, 


TESTING 

All instruments should be tested very 
thoroughly after they are constructed. 
Proper testing of the instrument before 
it reaches the user will prevent much 
will sell the 
dependability of the 


trouble and user on the 


reliability and 


instrument 


Equipment 
To test an instrument properly, sound 
The most 
important piece of equipment is a pulse 
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testing equipment is needed. 


National Laboratory 


generator that provides a choice of posi- 
The 


positive pulse should be variable from 


tive or negative output pulses. 


20 volts to 0.2 mv in amplitude from a 
With an 
negative 
10 pv 


500-ohm output impedance. 


external 75-ohm attenuator, 


output pulses from 1 volt to 
should be available. 

The output pulses should have a fast 
rise time, a flat top, and an exponential 
Two 
provided with characteristics as follows: 


decay. basic pulses should be 





Long pulse Short pulse 
(psec) (psec ) 
0.03-0.08 0.02-0.06 
200 60 
200 50 


Rise time 
Pulse width 
Exponential decay 





The pulse generator should provide 
repetition rates, in addition to line fre- 
quency, of 1 cycle, 200 cycles, and 1 
kilocycle, within +10%. 

This type of pulse generator can be 
used for testing and servicing sealers, 
amplifiers, and count-rate meters. <A 
special pulse generator may be needed 
for special-purpose linear amplifiers. 

In addition to the pulse generator, 
other test equipment is made necessary 
by the characteristics of the instruments 
being tested. The majority of monitor- 
ing and survey instruments are port- 
powered by batteries. 


able, and are 


Good meters are needed for checking 
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battery 
Many 
struments contain 


These 


voltage under proper conditions 


monitoring and survey in- 


electrometer tubes 


tubes should be properly aged 
when two or more are required in a cir- 
cuit, they should be matched under the 
conditions in which they will be used in 
As a result, there 
for a good electrometer-tube ager 


these 


the circuit isa need 


Because instruments measure 
very small currents, high-value resistors 
These should be 


checked accurately For this, 


ire used resistors 
a high- 
needed which will 


megohm bridge ts 


measure resistances as high as 10'? ohms 
with about 1°) accuracy 

In many monitoring and survey in- 
background 
make 


It has been found that 


struments, the noise 1s 


sufficient to accurate 
ment diffieult 


t hus 


Mmeasure- 


is due largely to insulator noise 
Therefore, means should be available to 
this noise 

Many 


for checking au 


redues 
used 


dust 


Survey instruments are 
contamination 
filter 


samples are collected on 


To facilitate 


paper 
collection of the same 
representative sample at all times, a 
setup for testing the proper flow of ai 
neross a filter paper is needed 

such aus good 


Auxiliary equipment 


(onc illoscopes, vacuum-tube  volt-ohim- 


meters, and attenuator boxes are also 


needed for proper testing 


Procedures 

Instruments 
il they 
Sold red 


The construction of all 
should he 
required standards 
should he tested 
Physically, 
the wire with a pair ol long nosed pliers 
should be Many 


only be held with solidified rosin 


tested to see meet 
cConnec- 
and 


tions Visually 


physically it good pull on 
used connections 
Trey 
thatis present in the solder This ty pe 
of soldered jot will cause trouble after 
the instrument has been moved around 
i few times Solidified rosin should be 
removed with alcohol or acetone from 


ill joints to pre vent corrosion 
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Data Sheet for Preamplifier 
Serial No. 


Rise and Fall Time 


Band width R we fannie Fall 


tine 


2 Me 
200 ke 
20 ke 


Signal-to-Noise Ratio 
2 Mc 

Notse counts at volts 
Signal large 


Signal at dh 


200 ke (ps 
Noise counts : volts 
Signal large 


Signal at db 


20 ke cps 
Noe counts : volts 
Signal large 


Signal at db 


This preamplifier was tested with 
Linear Amplifier Serial No 


Tested bv . 
Date: 








The wiring of the instrument should 
he checked to see if it agrees with the 
sketeh All 


approved resistors and 


capacitors should he checked to see if 


they are of the proper value and rating. 
Thev should be observed closely to see 
that the tails have not been pulled away 
from the body of the components. 
Many times, especially on resistors, the 
soldered so 


tails of the resistor are 


tightly to the lugs of tube sockets or 
resistor board that a tune can be played 
as you run your fingers over them. 


If the tails of resistors are very short, 
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Data Sheet for Linear Amplifier 


Serial No. 


Gain and Rise and Fall Time 


Linear amplifier settings 


Band width 
(Me 


Dia 
Fine 


(‘oarse 


64 l 

4 I 

t4 l 0 
l 
l 
l 


» 


ba 2 


4 


Ss 0 


Linearity and Noise 


Pulse-height selecto Signal 


S70NS8 (mit 


1OO 
Of) 
SO 
70 
60 
50 


Peak noise: 


0: 


0. 


"Sc ope observations 
Fall time 
{psec 


Rise time 


Msec 


Output 
Volts 


50 
50 
50 
50 
50 
50 


Pulse-he ight selector 


(divisions mi 


Signal 


10 
30 
20 
10 


divisions 


Tested by : 
Date: 








7 value should be checked 
Short resistor tails may 
1use unsatisfactory performance. 

It has been noticed that the value of 
arbon resistors is sometimes changed 
considerably by the heat of soldering. 
The 


1¢ thie 


change is in the positive direction, 
The 


e changes are smaller in l-watt 


resistance increases. 
resistal 
resistors than in 1! 9-watt resistors. 
Such resistance changes are greater and 
more frequent in higher resistors. 
Performance. The 


mstrument should he checked very 
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performance of 


thoroughly. In many cases, data sheets 
giving the test results should be made 
up and sent to the user of the instru- 
ment. Two instruments requiring such 
data sheets are linear amplifiers and the 
preamplifiers used with them; examples 
of these sheets are shown on this page 
and can serve as guides in testing. 
Other instruments usually need no 
data but 


still necessary. 


sheets, thorough testing 1s 
For example, the fol- 
lowing procedure is used in testing a 
sealer. This procedure is representa- 


tive of the type of testing which should 
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be carried out on all instruments before 


they 


are used 


Testing performance of Higinbotham 
scaler. 


I 


) 


( 


Check high-voltage supply ss 


Check high-voltage meter calibra- 
tion, using standard voltmeter. 
Minimum 600-700 volts. Maxi- 
mum 1,400-1,600 volts 

Test voltage regulation \ line 
variation of 100 to 115 
should change the high-voltage 
output less than 0.5 volt at 1,200 
volts \ 0.0036; 


change per © change of line volt- 


volts 


regulation of 


age is desirable 


Check B+ supply. 


Minimum 275 volts, maximum 
100 volts 
Check 


should not fluctuate 


for stability. Voltage 


Check inpul stage. 


Maximum sensitivity of the input 
stage should be at least 0.1 volt. 
To check this, use a pulse gener- 
ator and set the output of the pulse 
negative O.1-volt 
the 


or less, 


generator to a 
The 
should be 10 psec 


pulse 
Feed 
this negative 0.1-volt pulse into 
the G-M the 
front panel, 

AUTION: Turn off the high voltage 


pulse. width of 


tube connector on 


before feeding the pulse. 


Adjust the cathode bias of the 
input stage to where it will just 


To 


make this adjustment, use an os- 


trigger on the 0.1-volt pulse. 


cillosecope with a 50 yf capacitor 
the The 


pulses observed on the ‘scope at 


into input. number of 
this point should be the same as 
the number of pulses fed into the 
The the 
input stage should be enough to 
the In- 
crease the input pulse to —5 volts 
and check that 
affected by changing 
pulse from —0.1 to 


input. output out of 


trip first scaling stage. 
operation is not 
the input 


5.0 volts. 


1. Check scaling stage 8. 


Set a common cathode bias on 
OSN7 tube. 
Maintain a constant negative 


Check 


This is done 


3-volt pulse on the input. 
all sealing stages. 
with the use of an oscilloscope. 
If not 


OSN7T tube from socket and meas- 


scaling properly, remove 


ure the potential difference be- 
tween the grid and the cathode. 
+1 to +12 
To adjust this, change the 


This bias should be 
volts. 
common cathode bias. 

When scaling stages are working 
properly, insert a variable trans- 
former in the power line to check 
scaling operation under varying 
the input 
125 volts. 


Make the changes in line voltage 


line voltages. Vary 


voltage from 95 to 
slowly and rapidly, to see if this 
will throw the sealing stages off. 
If any scaling stage will not scale 
properly under this test, then the 
stage is probably out of balance 
and must be corrected. 


5. Check output stage. 


“a. 


6. Check operation 


To check the output stage, plug 
in a Wizard recorder and measure 
the voltage drop across it when 
the This 
voltage should be 175-230 volts. 

Check to see that the output of 
the scaler comes from the proper 
the last 
This can be done by watching the 
the last 
scaling stage and at the same time 


coils are energized, 


plate of scaling stages. 


interpolation light of 
observing when the recorder ad- 
The recorder 
the 


vances a number. 


should advance when inter- 


polation goes out. 
with a known fre- 


que ney source. 


ra | 


Use a 60-cycle or 120-cycle pulse 
and ten-minute 
the This will 
show up any error in the perform- 


generator run a 


count on sealer. 


ance of the sealer. 
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Slow the pulse generator down low 
enough so that a visual check of 
the interpolation lights is possible. 


Check operation with a glass G-M 


; 


temove pulse generator and hook 
up a glass G-M tube to the sealer 
Set high voltage to operating volt- 
the G-M Use the 
source and run a four- 
count to check the sealer. 


age for tube. 
standard 


minute 


SERVICING 


The servicing of instruments follows 
a given procedure at ORNL. This pro- 
cedure is based on past experience with 


instrument faults and their causes; it 


changes as improvements are made on 


the instruments. Many of the servic- 
ing procedures follow the methods out- 
Additional tables 


appended here for 


lined under testing. 
ol procedure are 

monitoring and survey instruments; 
these can serve as a guide in setting up 


procedures for other instruments. 





Instrument: 
strument 


Use: (1 


G-M counter survey in- 
Walkie-Talkie) 

Indicate presence of beta or 
audio 


gamma radiation by 


signal. 


Service problem Causes 


Voltage is up Bad G-M tube. 


but no audio 

signal 

No back- Burned out electronic 
! 


ground at all 


High 
ground 


tube. 


Low batteries. 
Bad tube. 
Contaminated in- 


hack- 
out- 
side radiation 


field strument. 


Bad 


tions. 


Intermittent cable connec- 


ope ration 





Instrument: lIonization-chamber beta- 
gamma portable count-rate meter 
(Cutie Pie 

Use: (1) 10% hard 


between 5 


Measure within 


gamma radiation 
mr/hr and 10 r/hr. 

(2) Measure current due to soft 

gamma or beta radiation. 


Service problem Causes 


Will not zero 7'o-volt batteries 
not same voltage. 
both 


sides of potentiom- 


Resistors on 


eter not balanced. 
22!5-volt 


down. 


battery 
Filament battery 
down. 
High-value resistor 
bad. 

Tube base dirty. 
Dirty insulator. 


Needle fluctu- 


ates or 


Insulator dusty or 
dirty. 
Bad connection. 


reads 

below zero 
High-value resistor 

open. 

Resistor dirty. 

Tube burned out. 


Battery getting low. 


Stud 


ionization 


teads off scale mounting on 
chamber 
grounded to case. 
Corroded or dirty 
connection, 

Bad resistor. 


Bad switch. 


Meter reading Contamination of 
instrument. 

seeping 
ionization chamber. 


Bad meter. 


but no radia- 


tion Light into 


Meter 
Ing less 


read- Instrument ground- 


than ed incorrectly. 


radiation Meter needle sticks. 
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a 
Instrument: lonization-chamber alpha- 
heta-gamma portable count-rate 


Zuess 


\leasure hard Minima 


meter 
Use: (1 radia- 


tion between 5 mr/hr and 


2rvhr 
3 Measure current due to soft 


gamma or beta with window 
open 

Measure current due to alpha 
both windows 


radiation with 


open 


Service problem Causes 


Battery is down 
Dirty resistor, 


Dusty switch deck 


\\ ll not zero 


Contaminated in- 


strument 


Open high-value re- 
sistor 


Dirty insulator, 


Tube burned out 
Battery shorted 


Bad tubes 
Battery low 


iding 


known 


4 

Instrument: lonization-chamber charge 
collector and reader (Lauritsen 
Llectroscope 

Use: (1) Measure within less than 1°, 

hard 


tween the 


gumma radiation be- 


intensities of less 
hrand 1,000 mr hr. 


current 


than bmi 
Meuasure 
due to beta radiation 


ionization 


Service problem Causes 


Seale is dark Battery is dead 


Bulb burned out. 


Will not zero Battery is weak. 


Plating flaked off 


fiber. 
Dirty insulator, 
Dirty fiber. 

Instrument 


Fiber drifts 


cone 


taminated. 


Seale blurred Lens not properly 
focussed 


Dirty lens. 


Fiber off verti- Scale has moved in 


cally electoscope. 


{rm 
may have slipped 


holding fiber 








CORRELATION 


kor te sting and servicing to he effee- 
records should be kept of all opera- 
ons and results. These records guide 
design engineer in sé le cting proper 
omponents and lavout for his cireuit 
d the instrument mechanic in deter- 
ining What improvements can be mace 
ntinbrication, and provide the user and 
serviceman with test results indicating 
the instrument s capabilitie 5 


At Oak National 


the record system described in the fol- 


Ridge Laboratory 
lowing paragraphs is used. It is sup- 
plemente d by personal contact between 
engineer, the instrument 


the design 
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mechanic, and the testing and servicing 


divisions. Smaller laboratories require 


the same basic system, but a simpler 


version may be used, 


Testing. A card is used to record the 


results of tests performed on new m- 


struments Listed on the card are the 


instrument name, drawing number, 


model number, fabrication, name of 


person who tested the instrument, and 


results of tests on soldering, wiring, and 
performance. This card provides data 
for the design engineer and the instru- 
ment mechanic, and forms part of the 
testing department's records. 

In addition, certain instruments, such 
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three month period in 1950 


and Services 


Transformers replaced 
G-M tubes replaced 


Filter capacitors replaced 


Resistors replaced 
Vacuum tubes replaced 
Instruments calibrated 


Miscellaneous failures 





Summary of Instrument Failures 


The records discussed on these pages are used at Oak Ridge National Laboratory 
to provide information on the causes of instrument failure 
tion aained is this breakdown of causes of instrument failure, taken from data for a 


By-pass capacitors replaced 


Typical of the informa- 


Per cent of total number 


ol failures 








plifiers 


ded wi 


linear amplifiers, 
data 


he information re- 


pertormance 


ds servicing of the 


Servicing. It cannot be overempha- 


sized that contact between the servicing 
ind the design, construction, and 


group 


testing groups should be maintained. 
servicemen can improve test- 
lures and design. 

ntain between the 


ORNL, all 


ad oon mnstrument 


contact 
groups 


servicing 1s Tre- 


corde repair orders. 


On the ft side of an S $!,-in. sheet, 
information which will identify the 
t being serviced 


instrume! instrument 


numbers, building and room in which it 
is used, who to contact, and who picked 
The 


is divided into two sections 
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nstrument Is recorded 


service required and repairs made, 
This space 1s used to record data on 
problems encountered in servicing the 
instrument. Space is provided at the 
bottom of the form for the date when 
service Was completed and for the serv- 
iceman’s signature 

After this 


form is sent to a central location where 


servicing is completed, 
the information on it is compiled for 
future reference \t this central loca- 


tion, an 8 t'4-in. card is kept for 


each instrument in the laboratory 
ach instrument is identified by name, 
model, type, range, where it is used, 


and what it is used for. Columns are 
provided for date of servicing, service 
required, and the serviceman’s name. 

a month the data is collected 
distributed, and 
between the 


Once 
forms, 
Thus 


various groups is maintained, 


from these 


analyzed. contact 
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—___Calibration 





L. D. Marinelli 
Associate Directo 
A rgonne 
Chicago, Illinois 


THE CALIBRATION of a radiation detec- 


tion instrument consists of comparing 


the readings on its scale to those of a 


standard instrument, under experi- 


mental conditions which allow the 


measure the radiation in 


units. It 


latter to 


accepted should be noted 
that in 


which standardization is possible may 


general the conditions under 
not be similar to those under which the 
detection instrument is used. 

In the field of nucleonics the purposes 
underlying standardization of radiation 
instruments are many, and the ranges 
to be covered are indeed enormous. 
Thus, calibration of survey and person- 
nel instruments (ionization chambers, 
counters, and photographic emulsions) 
may involve dose rates of the order of 
milliroentgens per day, whereas the 
calibration of the output of some experi- 
mental X-ray tube may involve rates 
is high as millions of rep (roentgen- 
equiy alent-phy sical) per second, 

(As to the choice of units, the situa- 
tion is rendered complex by both the 
physical nature of the many primary 
ionizing agents in use (such as alpha, 
beta or gamma rays, neutrons, etc.) 
and by the physical state and location 
of the such as 


sources, roentgen-ray 


machines, nuclear reactors, and radio- 
isotopes in solid, liquid, or gaseous phase 
that in 


turn mav be external or in- 


ternal to the biological system under 
investigation. 
It is not surprising, therefore, that 


no single instrument is suited to all 
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conditions of radiation exposure, nor 


is the accurate correlation between 
biological result and physical measure- 
ment always feasible. 

The radiological physicist, confronted 
by these complexities and pressed by 
wide 


the need of a radiation unit of 


significance, seems to have reverted, 
after a period of dismay, to the primi- 
tive state and is considering ut present 
the adoption of a unit of radiation dose 
based explicitly on the energy gained 
per unit mass of the irradiated medium. 
At the Sixth International Congress of 
1950), the 


erg per gram was made the official unit 


Radiology (London, July 
of dose for all ionizing radiations (7).* 

Although this unit has the priceless 
merit of unambiguity, it is difficult to 
realize it directly under many experi- 
Pending more ex- 
this 


acceptance 


mental conditions. 


haustive investigations, unit at 


present shares unofficial 


with a unit based on ionization which 
remains identical with the roentgen for 
photons and the rep for alpha and beta 
rays. 

At the present time neutron radia- 
tion is measured in terms of particle or 
energy flux or in terms of dose, the unit 
for the latter being the energy unit of 
(93 ergs/gm) (2). In what fol- 
lows, it is proposed to survey the field 


Gray 


*It should be noted that the biological effect 

vends, in general, on other factors besides the 

of energy absorbed by the biological 

The most obvious are fractionation, 

rate, and specific ionization (ions/cm) re- 
ting from the exposure 
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diation-detector calibration and 


to present some comments on the actual 


PHOTONS 
The roentgen is defined as the quan- 
ol a 


the associated corpuscular emission per 


or gamma radiation such that 


0.001293 gm of air produces, in air, ions 
carrying 1 esu of electricity of either 
This the 
ip (Fig. 1) to the energy flux 


sign unit bears following 
relations! 
roentgens = Kuk n 

energy flux in erg/cem?; 


= 388 « 10%, 


where 
A 25: n 
electrons in 1 
NTP: and 


t he ( ompton 


the num- 
her of em*® of air at 
uw =0,+7T +>, O, being 
true absorption coeffi- 
erent r the photoelectric-absorption 
coefhicient 


and o, the pair-formation- 


ibsorption coefficient, all referred to 
one “air electron 

divide the 
ordinates of Fig. 1 by the corresponding 


the 


It is ob that if we 


hous 


ibscissae and plot result against 
we obtain the photon 


flux per roentgen as shown in Fig. 2. 
As to source ot photons, Table 1 lists 


radi vele- 


photon energy, 


some conveniently available 


gamma radiation 
140-2,300 kev. A 
more expensive, but eminently flexible, 


ments which emit 


within the range 
source would be an X-ray tube with a 
Be window capable ot operation he- 
Mev. 


tween a few kev and a few 


lonization Chambers 
Photon radiation can be determined 
in roentgens by measuring the ioniza- 
tion produced by the corpuscular emis- 
sion ited with a known air mass. 
The 


in measurements of photon radiation is 


isso 


choice of air as the basie medium 


based on the fact that, for equal radia- 
tion exposure, the ratio of the energy 
ad per gram of air to the energy 


absor i 


ibsorbed per gram of most biological 
substances does not vary appreciably 
with the energy ot the photon (3, 4). 


With photons of energy as high as a 
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FIG. 1. Gamma-ray energy flux per 
roentgen as a function of energy (5/)) 
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Photon energy (Mev) 


FIG. 2. Photon flux per roentgen as a 


function of energy 





TABLE 1 
Gamma-Ray Sources in 


the Range 140-2,300 kev 


V ethod of 


produc fion 


Ene rgu 


Isotope Half-life ( Me v) 


Uranium 
fission 


Uranium 
fission 


Sb!**+Pb 


Na**+Pb 

















Y 


—- 











FIG.3. Parallel-plate ionization chamber 
few hundred kilovolts, radiation can be 
measured satisfactorily by using a small 
source, such as the focus of a commer- 
X-ray 
ionization chamber of practical dimen- 
this \-rays 
generated by first 


cial tube, and a standard au 


sions In instrument, 
the source are col- 
limated by a diaphragm system and 
then passed through adequately spaced 
plane electrodes. 

A schematic drawing of such a cham- 
ber is shown in Fig. 3. The drawing is 
out of proportion so that essential fea- 
tures can be emphasized. The source 
of the X-rays is indicated by F and the 
The 


parts of the electrode system are: C, the 


diaphragm system by D. three 


ion-collector connected to a= current 
measuring device; the guard plates, G; 
and H, the flat plate connected to the 
battery \ shield 
acts to support the assembly and to 
The 


shaded portion is the region from which 


properly designed 


eliminate extraneous radiation. 
ions are collected. 

To express the readings of this cham- 
ber in roentgens, it is essential to know 
accurately the temperature, pressure, 
and volume of the air from which the 
ions are collected, and to establish equi- 
librium between photons and electrons. 


Whereas the 


known 


cross section of the 


beam is from the area of the 
limiting diaphragm, the height of the 
significant volume is set by the length 
ol e 


electrodes are perpendicular to its sur- 


if the lines of force between the 
face. This in turn implies that (a) the 
guard plates be coplanar and sufficiently 
close to the collecting electrode, (b) that 
Gand C be at the same potential during 


measurement, and (c) that all electro- 
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shield at C he 


eliminated within the collecting volume 


static influence of the 


by use of guard plates of proper length 


or by the possible addition of guard 


wires (5, 6). Photon-electron —equi- 


librium is obtained by making the 


distance between limiting diaphragm 
and collecting plate equal to, or longer 
than, the range of the most energetic 


electron liberated by the X-ray in use, 





tlh 


, 


4444444444 


Fe N777774 ty} 
beam > 
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FIG. 4. Ion collection in a standard 


ionization chamber 


and by separating the electrodes 


beyond the range of any electron 


generated by the beam. Sufficient 
voltage between H and the system GC 
must be applied to obtain saturation. 
Under these conditions the equiva- 
lent of the total ionization produced by 
the corpuscular radiation associated 
with the collecting volume is collected 
by the system. This is schematically 
shown in Fig. 4 where the arrows repre- 
sent secondary electrons generated in 
the air of the chamber. It is obvious 
that the ionization produced outside 
the collecting volume by the associated 
corpuscular radiation in the significant 
volume, V, is compensated by the 
ionization produced by the corpuscular 
radiation originating outside the col- 
lecting volume. There is no such com- 
pensation when the photons are of such 
low energy that appreciable absorption 
takes place within the volume of the 
chamber, but in this case it is possible, 


design and by 
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proper experimentation, to account 
fully for this phenomenon (7). 


As the 


reases the 


energy of the photons in- 


standard air ionization 
chamber method presents certain dif- 
ficulties which can be fully appreciated 
only by studying the literature in this 
field For difficult to 


a diaphragm which accurately 


example, it is 
design 
delimits the beam, and it becomes very 
expensive to construct a free-air cham- 
ber of dimensions adequate to insure 
elec- 


full compensation of associated 


trons and collection of all ions produced 


by them. In the region of energies be- 
tween a few tenths to a few Mev, meas- 


urements of photon radiation in roent- 








Mev 
FIG. 5. Functions /, AK, and L for 
correction of ionization readings of air- 
equivalent chambers 


gens can best be realized by means of 
the so-called air-wall chamber method. 

This chamber derives its name from 
what it tries to accomplish ; namely , to 
surround a definite mass of air with 
material which will interact with both 
primary and corpuscular radiation as a 
solid layer of air would, 

Under these conditions photon-elec- 
tron equilibrium is established in a 
much smaller space than that required 
by the standard air chamber. As a 
result of exhaustive analysis available 
in the literature (8), it has been found 
the air-wall 


that, to act as a standard, 


chamber should contain a known vol- 
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ume of air and have walls of known 
chemical composition, comprising ele- 
ments of atomic number close to 7. 

In addition, (a) the linear dimension 
of the ionized volume should be small 
in comparison with the range in free air 
of the tonizing particles, (b) the walls 
of the 


attenuate the 


chamber should not unduly 


primary radiation but 
should be thick enough so that further 
thickness 


change the number of ions collected in 


increase in the does not 


the air volume, and (c) the distance 
between source and chamber should be 
large in comparison with the linear 
dimensions of the latter. 


When 


the result in roentgens can be found by 


these requirements are met 


dividing the esu/cm® of air at normal 
temperature and pressure by a correc- 
tion factor, B, of the form 

B=1 + (2/ L) (log Z< Z,) 

+ (4K /L) (log Zy/Z,)* 
where Z» and Z, are, respectively, the 
atomic number of the wall and of air, 
and J, A, and L are 


photon 


functions of the 


primary energy and of the 
energy loss undergone by the corpuscu- 
lar radiation in air. Graphs of these 
functions are shown in Fig. 5, as eal- 


culated by Laurence (9) for monochro- 





TABLE 2 
Factors for Correction to Air-Equivalent 


Thimble Chambers 


Correction 


Chamber material factor 


Sulfur 

Aluminum 

Carbon 

Cellulose 

Protein materials or pure 
bakelite 

Commercial bakelite 

Amber 

Paraffin wax 
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FIG. 6. Dependence on X-ray tube voltage of luminescence current of polyvinyl car- 
bazole per roentgen per minute 


matic radiations. As an indication of 
the magnitudes involved, Table 2 lists 
the correction factors pertaining to 
thimble chambers of various materials 
when used with radium gamma rays (8). 

From the foregoing, it is obvious that 
the calibration of instruments in this 
region consists essentially in comparing 


No basic 
difficulties are involved except that the 


them to an air-wall chamber, 


range of ionization currents is apt to be 
that 


standards may be necessary. 


so large intermediate secondary 


Usually photon detectors based on 
the measurement of ionization in air 
confined by walls of low atomic number 
can be made to conform with most of 
the physical requirements of the air- 
wall chamber; hence this type of appa- 
ratus has the advantage of retaining 
the 
weepted standard throughout a wide 
F. H. Day of 


the National Bureau of Standards has 


reasonable proportionality with 


range of photon energy. 


calibrated beta-gamma ionization cham- 
bers by exposure to X-rays. His results 
show satisfactory proportionality with 
the standard air chamber in the range 


100-1,200 kv peak photon energy (13). 


Scintillation Counters 
the 


standard is also shown by scintillation 


Proportionality with accepted 


counters using crystals containing ele- 


ments of low atomic number, such 


as anthracene or naphthalene. Since 
the 


intrinsic 


these counters have desirable 


characteristics of high sensi- 


tivity and enormous range, they are 
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attracting the attention of many radio- 
logical physicists. 

Figures 6 and 7 show the relationship 
between response of two scintillation 
counters (using organic crystals) and 
air-wall 


roentgens as measured by 


thimble chambers throughout a wide 
energy range (10, 11). On the basis of 
these preliminary results there exists 
some hope of using scintillation counters 
as primary standards if, in addition to 
sound engineering development, basic 
information connecting energy loss in 
the crystal and light emission is ob- 
The 


adaptable to scintillation counting has 


tained. discovery of solutions 
widened the prospects of applicability 


of this device. 


G-M Counters 

Another widely used radiation de- 
tector is the G-M counter. It can be 
calibrated for use with photons like any 
other instrument; i.e., by comparison 
with the standard air chamber or air- 
wall chamber. As a dosimeter, its 
general usefulness is limited to the high 
energy region, since its envelope is usu- 
ally not air equivalent, and to low radia- 
tion levels because of the dead time of 
its discharges. However, on account 
of its sensitivity, special use has been 
made of it in X-ray and gamma-ray 
spectroscopy. Its efficiency, whether 
expressed in counts per incident quan- 
tum or counts per roentgen, is in general 
dependent on the atomic number of the 
wall and on the photon energy. Figure 
8 shows the idealized relative efficiencies 
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er 
y 


FIG. 7. Energy dependence of naphtha- 
lene with 931-Atube. Sensitivity is ratio 
of tube current to chamber reading 


in counts cm? per roentgen with count- 
and low atomic number as a 
(12). Ex- 


copper 


ers of high 
function of photon energy 


periments performed with a 


counter exposed to monochromatic 
radiations agree with the theory (12). 
When the 


matic the 


radiation is not monochro- 
efficiency, or correction 


factor must be found by experi- 


mental means. An example of such a 
correction factor is shown in Fig. 9 for 
filtered radiation from an X-ray tube. 
It is obvious from the evidence pre- 
sented that the wavelength dependence 
of G-M counters is rather marked below 
800 kv, 


especially if the radiation is 


heterogenous Among the remedies 
proposed to ameliorate this situation, 
the adoption of special alloys in the 
construction of the walls seems the 
most practical for the time being. It 
remains to be seen whether this can be 
accomplished without unduly distorting 


the axial sensitivity of the instrument. 


Photographic Emulsions 

Last but not least of the practical 
radiation detectors is the photographic 
emulsion which owes its popularity in 
certain phases of nucleonics to its versa- 
tility, availability, and inexpensiveness. 
Since the reading to be correlated with 
radiation units is the blackening of the 
emulsion, special care must be taken 
the latter is not influenced by 
development or differences in sensitiv- 
This is usually 


itv of the emulsion. 


done by exposing representative sam- 


ple f a batch of films to known 
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Energy (Mev 


FIG.8. Theoretical counts percm’forir 
in lead, copper, and aluminum counters 





200 400 6 800 14000 1,200 
Constant potentiol opplied to x-ray tube (kv 


FIG. 9. Response of a G-M counter to 
filtered X-radiation 


amounts of radiations corresponding to 
the range to be measured. After the 
batch and the samples are developed 


together, the samples can provide a 


graphical relationship between black- 


ening density and radiation exposure 
from which the exposure of the rest of 
the batch This 
presupposes from 


deduced. 
that, 
the radiations to be measured, the two 


can be 
method aside 
sets of films are given identical treat- 


ment as to temperature, humidity, 


light, and all the many factors which, 
besides radiation, are apt to influence 
film blackening. It is evident, there- 
fore, that in film work a great deal of 
care is necessary to obtain reliable re- 
sults; this is not prohibitive in practice. 


Photographic emulsions in a general 
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sense can be viewed as ionization 
chambers permitting the recording of 
ionizing events in solids by revealing 
the affected grains upon development. 
however, is 

than the 


Extensive 


The behavior of grains, 


somewhat more complex 


behavior of gaseous tons 
nvestigation of the behavior of photo- 
graphic emulsions exposed to photons 
has revealed that the sensitivity is a 
complex function of the photon energy 
10 shows the relationship of 
film different 


exposures as a function of tube 


Figure 
typical blackening for 
\-ray 
voltage (14). It 
radiation emitted by an 


will be seen that for 
equal density, 
\-ray tube at 100 kv is about six times 
is effective on this type of film as the 
radiation emitted at 1,400 kv. 

The reasons for this are many: the 
effective atomic number of a film emul- 
sion is quite different from the effective 
xstomic number of air, and hence the 
ratio of the energy absorbed per unit 
mass in the two media does not remain 
constant for all photon energies; othe 


iwtors that seem to influence the 


response are the relation of grain size 
to the length of the track of the second- 
iry electron, and the intrinsic sensitiv- 
itv of the grain to the specific lonization 


track In 


recent work done along these lines both 


ilong the reviewing some 


here and abroad, one comes to the con- 
clusion that in the high energy range, 
the validity of the experimental results 
quoted is vitiated by the fact that in 
Many instances the experimenters have 
neglected to provide photon-electron 
equilibrium in the emulsion under in- 
although 


vestigation, computation of 


the energy absorbed therein presup- 
poses it implicitly 

In some applieations of film dosim- 
high energy, 
shielded 


and in the 


etry with photons of 


the emulsion must be from 
electrons generated in air 
significance is to 


this kind. The 


striking variation of emulsion blacken- 
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surroundings, if any 


be given to work of 


ing with gamma rays of different energy 
can be modified with judiciously chosen 
screens placed on both sides of a double 
film. A 


extends the region of practical propor- 


coated l-mm Cd screen 
tionality between roentgens and density 
Mev down to about 200 


kev (14); this is, however, accomplished 


from over an 


at the cost of practically eliminating the 

response to radiations below 100 kev. 
The need of better film packs for this 

purpose is therefore apparent. 

that the 

a radiation detection in- 


It may be well to recall 
calibration of 
strument requires the use of an X-ray 
or gamma-ray beam which is homo- 
geneous throughout the area occupied 
by the instrument, and that verification 
of the inverse-square law is necessary 
before it is finally adopted as a matter 
of routine. It is also necessary to as- 


certain that no extraneous scattered 
radiation affects either the standard or 
test. Finally, 


instrument to be 


the instrument under 


since the radiation 


calibrated may often be used where 


radiation is produced by several arbi- 
located or secondary 


trarily primary 


sources, it is well to determine its 


response as a function of direction. 


ALPHA and BETA PARTICLES 


In contrast to the calibration of gam- 


ma-radiation instruments, for which 


units and instruments standards are 
provided, the standardization of alpha- 
and beta-radiation instruments is as 
yet to be accomplished in a universally 
accepted The 
experimentally determining either the 
flux of particulate energy impinging on 


a surface or the energy loss in a given 


manner, problem of 


mass is relatively simple in theory. 

An ideal standardization setup could 
consist, for example, of a source of suit- 
able monoenergetic particles, such as a 
Van de Graaff generator of He ions or 
electrons, yielding uniform flux over an 


area sufficiently large to encompass the 


radiation detector to be standardized. 
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FIG. 10. Emulsion blackening of du 
Pont packet type 552 films as a function of 
X-ray tube potential 


It ah 
this subject that this expensive setup 


the 
sufficient at 


ous to workers familiar with 


would be of limited use beeause 
fields tilable 


best to co 


today are 
er only minute instruments, 


such s the ervstals of seintillation 
Wider fields have been pro- 
(15) at 


but no detailed in- 


the betatron rela- 
Cnergies, 
tion has been published which 
id in the evaluation of the beta- 
is a practical source of beta rays 
e calibration of most types of 
radiation detectors 
lack of an ideal source 


of monoenergetic particles, much useful 


Despite the 
information, and in many cases all that 


is necessary, can be obtained by eali- 


brating detection instruments with 
standard beta or alpha sources prac- 
tically identical in all respects to the 
sources of radiation to be explored. 

If the source of radiation is one of the 
many radioelements in use today, the 
becomes 


problem of standardization 


iscertaining the disintegration 


one ol 


rate of the reterence source, This can 


be accomplished in several ways: 
By calorimetric measurements of 
ital particulate energy emitted by 

ce (If (nce this is known, it 
the 


average 


is a simple matter to determine 


number of particles if their 


available in, or cal- 
literature (17). 


icuum, the loss of charge of 


energy s either 


culable from, the 
2. Ir 
inl isolated 


souree can be used to find 
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the absolute disintegration rate (78). 


3. It is possible, by the use of the 


gamma-beta coincidence methods, to 
the 
rate of several radioelements (19). 

4. By the use of a thin-walled G-M 


suitably standardized 


measure absolute disintegration 


counter and 


sources (such as RaDEF), it is possible 
to arrive at a fair estimate of the beta 
CTLISSIVITS of several isotopes (20, 21). 

6. By the use of the so-called 4 
method, as yet not thoroughly deseribed 
in the literature, it is possible to assess 
the particulate emission of many sources 
number of imstru- 


with a minimum 


mental corrections. (22) 
Advantages and limitations of each 


method have been amply discussed and 


» 23). 


reported in the literature (22, 


Extrapolation Chamber 

The measurement of particulate ra- 
diation dose in rep presents unusual dif- 
ficulties. In biological objects of di- 
mensions large compared to the particle 
range, and in which radioelements are 
uniformly distributed, the dose can be 
calculated on the basis of concentration 
and the 
Under these 


of the radioelement average 
energy per disintegration 
favorable conditions, or on surfaces 
where the same conditions obtain, the 
use of the extrapolation chamber is in- 
This chamber, 
Failla (24), is 


Fig. 11. It 
usually 


dicated as a standard 
originally proposed by 
schematically shown in 
consists of a volume of air, 


evlindrical in) shape, limited in its 


height, S, by the inner surfaces of two 


plane electrodes, and ol cross section 


equal to that of the collecting electrode, 


Hb 
— u 


FIG. 11. 























Failla’s extrapolation chamber 
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Averoge G-ray energy (Mev 


FIG.12. Response of two G-M counters 
to different beta-ray energies 


(, which is coplanar with the annular 
guard ring, B. By 
zero the thickness of the upper elec- 
trode, A, 
sible to obtain the number of ions, /,, 


extrapolating to 
and the spacing, S, it is pos- 
per unit mass of air at the surface of the 


Hence it 


tively simple to assess the dose D, in 


collecting electrode. is rela- 
rep at the surface of the material of the 
collecting electrode by the formula 

D, = KI,W X 1.72 XK 1074 
where A is the ratio of the mass stop- 
ping power ol the particles in ( to the 
and W is the 
to form 


stopping power In alr, 
iverage energy in ev necessary 
t pair of tons in air, The correctness 
of these asstimptions has been confirmed 
by using collecting electrodes containing 
known concentrations of radioelements 

In fact this method, when con- 
standardize 
Fe). \ ery 


response ol 


venient, can be used to 
beta- or alpha-ray emitters (2 
recently a study of the 
G-M survey instruments to beta rays 
has been made by use of the extrapola- 
tion chamber (25). 

The 


which have been noted in the section 


precautions about scattering, 
on photons, become more onerous and 
stringent in the case of beta or cathode 
ravs 

should 
disturbance in the 


For this type ol radiation, care 
taken to 
radiation 


what 
field is 


caused by the instrument itself, and to 
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also he 


HSSeCSS 


what extent its response is influenced 
by the direction of the incoming radia- 
tion. In practice, it would be well to 
visualize collimated beta radiation as a 
fast stream of water capable of splash- 
ing tor considerable distances in a most 
disheartening fashion. 


lonization Chambers 


In general, instruments of the ioniza- 
tion-chamber type would be expected 
to follow the dose in rep more closely 
than counters would; the latter, on 
account of the practical requirement of 
relatively strong and leak proof walls, 
mia show considerable variation in 
response to beams of particles of widely 
different 


the experimental results reported by 


energies. Figure 12) shows 
Tochilin et al. (25) for two G-M counters 


of different window thicknesses. 


Photographic Emulsions 
The response of photographic emul- 


sions to ionizing particles has been 


reported sporadically in the physical 


literature, mostly as an adjunct of 
efforts to evaluate beta-ray spectra in 
spectrometers using the emulsion as a 
detector. A typical response studied 
by Baker 


ol monoenergetic 


(26) for a limited range 


electrons is) shown 
in Fig. 13; Eastman lantern-slide plates 
with a standard density of 0.24 were 
used. In practice, photographic evalu- 
ation of personnel exposure to beta 


radiation has proved difficult, and, al- 


ae ae ae 


a t © 


eray (kev 


FIG. 13. Emulsion sensitivity to mono- 
energetic electrons as a function of energy 
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though efforts have not been spared to 
correct the situation, no widely accepted 
nethod has been proposed as vet. 


As a detec 


photog iphue 


tor ot alpha radiation, the 
emulsion has found, so 


far, no application in health physics. 


NEUTRONS 

The calibration of neutron-detecting 
instruments is still in its initial stages. 
This 
considers that in the recent report an- 


statement is self-evident if one 


ig the construction of two 
ieutron sources to be used as 
national standards (28), the relative 
emission of these sources was stated to 
a high degree of accuracy, but no esti- 
mate was made of the error in absolute 
V ilue 
The factors responsible for this state 
of affairs are many, but the most impor- 
inherent in the nature of the 


itself 


tant are 
which—as it becomes a 
still 


rebellious to control, and dif- 


neutron 


teen-age youth—is expensive to 
produce, 

ficult to fathom. 
It is not entirely out of place, how- 
to estimate—rather crudely to 


sure—the average requirements 


a laboratory capable of standard- 
basis 


devel- 


izing neutron detectors on the 


of present knowledge and of 


oping further acceptable procedures of 


standardization. 

(s to personnel, physicists thoroughly 
versed in experimental neutron physics 
essential, of course. How- 


should 
instilling the 


would be 


ever, they also have the rare 


aptitude of wisdom 
acquired in physics laboratories during 
the last two decades into an undertak- 
ing which is intrinsically both exacting 
and unspectacular. 

As to 


estimates will be necessary. 


choice of sources, some rough 
It will be 
assumed that in view of health-pro- 
tection requirements (29, 30), detectors 
to be calibrated will be required to 
+ 10%, fluxes of the 


neutrons) 


to within 


measure 


10 n/em?/ see (fast 
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and 100 n/em? see (resonance or ther- 
mal neutrons). 

To investigate the response of such 
neutron 


instruments as a function of 


energy in the thermal region, some 
monochromatization will be required; 
it will be assumed that this can be done 
total 
neutron fluxes of the order of ten at all 


Therefore, if the apparatus 


acceptably with a reduction of 
energies, 
needed for thermalization, collimation, 
and monochromatization have linear 
dimensions of the order of one meter, 
thermal fluxes of the order of 105 n/em? 
sec must be available at that distance. 
This emitting 
10° n/sec, namely a Ra-a-Be source of 


The col- 


limation will reduce scatter, and hence 


entails sources over 


the order of 10 curies (37). 


reduce the size of the laboratory. 

As to fast neutron fluxes, the distance 
requirements can be reduced by a factor 
of ten, perhaps, if photoneutrons (ac- 
ceptably monoenergetic) are used. In 
that case, fluxes of 10 n/em?*/see at 30 
em could be obtained with sources of 
the order 1-20 curies (32). A labora- 
tory thus equipped, however, would be 
with maximal 


limited to operations 


energies of 1 Mev and would be faced 
with the task of renewing the major part 
of its gamma emitters at frequent inter- 
vals since the sources are short-lived. 
It is probable, then, that as a fast 
neutron source, an ion accelerator of 
the Van de 
energies up to 5 Mev with adequate ion 


Graaff type, capable of 


current, would prove to be the most 
versatile and the most economic instal- 
This 
monoenergetic neutrons in the 5 kev to 
15 Mev 


considerable array of accessories, such 


lation. apparatus, to produce 


range (33), would require a 
as provisions for the rapid change of 
targets, and special platforms for the 
placement of both standard and refer- 
ence instruments at different angles 
from the ion beam. 

A low-power reactor such as a “water 


might be considered as a better 


S-29 


boiler” 








TABLE 3 


Instruments and Techniques for Neutron Measurements 


Energy range Quantitative tnatruments 


counters (345, 3 


100 es BI 
Activation of foils (35 


0 1°10 key Activation of foils (36 


1 kev-1 Mev 


Long counter (38, 39 


>1 Mev 


Long counter (38, 39 


Recoil counters (40, 41 


Ene rgu-measureme nt let h nig 


Mechanical spectrometer (34, 
Crystal spectrometer (34, 37 
Time-of-flight velocity selector 


lime-of-flight velocity selector 


rime-of-flight velocity selector 
Energy of recoils (40, 4/, 42 


Energy of recoils (40, 4/7, 42 
Threshold detectors (43 





source of thermal and slow neutrons 
since its higher flux (34) would allow a 
greater degree of monochromatization of 
its beams and it could be converted very 
simply (34) into a source of fairly pure 
fast neutrons. It remains to be seen, 
however, whether the available energy 
the 
purposes of instrument calibration 


As to 


hypothetical laboratory would require 


range is adequate for broader 


instrument standards, the 
at least those which have proved reliable 
in the various range of neutron energies 
These have been discussed in the pages 
of this journal (35); they are recorded 
Table 3, 


which 


here in together with those 


references in their merits and 
limitations are fully evaluated, 

Despite the apparent variety of the 
instruments and techniques listed, the 
basic principles upon which the basic 
measurements of flux and energy de- 
Absolute 


measurements of energy can be made in 


pend are rather simple. 
the region below 10 key only, since itis 


there that they may be obtained from 


direct measurements on velocity. In 
the higher ranges, since the estimates 
depend on the energy of recoils (mostly 
hvdrogen), the estimates cannot be bet- 
ter than the proton energy measurement 

\s to flux, all techniques seem to 


take advantage of the property ot slow- 


S-30 


ing down the neutron in a medium, to 
a velocity where the probability of its 
being captured in the detector is high. 
The remaining task consists of measur- 
the products resulting from its 
These 


absolute measurements of alphas (boron 


ing 


capture. measurements entail 


disintegration), betas (radioactivation 
of foils), or gammas (n,Y reaction). 
Obviously, correction for the prob- 
ability that the neutron escapes detec- 
tion must be made. This means that 
the response of the standard instrument 
must be calculable from known or deter- 
The 
established in an absolute sense only by 
trict the 


minable cross sections. latter is 


accounting ol transmission 
of monoenergetic neutrons in a detector 
foil in terms of the sum of all nuclear 
the detector. \ 


knowledge of 


events occurring in 


compilation of present 


neutron cross sections is given in ret. 44. 


Neutron Dosimetry 
As a consequence of studies on the 


biological action of neutrons, neutron 


dosimetry has followed rapidly in the 


neutron 
\eber- 


sold focused attention early on the fact 


the advances in 


The pioneer work of 


wake of 


physies. 


that the roentgen was of limited value 
in radiobiology and that, in particular, 


measurements of ionization in air-wall 
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chambers would be difficult to translate 


in terms of energy absorbed by the 


biological systems \ttempts to meas- 
ire neutron dose (strictly, energy ab- 
sorbed) became possible as neutron 
nteractions became better known and 
is the first monochromatic sources of 
neutrons became available. 

Paced by the earlier work of Ciray on 
the properties of the “air cavity” ina 
photon flux, Zimmer (45) and Gray and 
Read ( af 


itions ot 


attempted the first determin- 


neutron dose by ionization 
measurements in chambers of various 
wall materials and gas fillings, and by 
estimating therefrom the energy ab- 
more or 
Their 


their 


sorbed in each element of a 
less idealized biological system. 
computation was feasible and 
methods consistent because the neutron 
source was essentially monochromatic. 

The extension of this method to the 
measurement of doses in the presence of 
heterochromatic beams has been dis- 
cussed at length by Cray (49), and by 
Rossi and Failla (47). 


cluded from their studies that satisfac- 


It is to be con- 


tory dosimetry can be established by 
measurements of ionization in chambers 
whose wall and gas filling are composed 
of chemical elements identical both in 
nature and in proportion to those pres- 
biological under 


ent in the system 


investigation. This equivalence must 


be interpreted in a very strict sense 


since only then can the energy absorbed 


per unit volume of wall be calculated as 


\a= Wen 


a 
k 


where a i.F Eyo, ergs /em4, in which: 
f, = fractional density of element k& in 
the system, F = neutron flux (n/em?), 
= collision cross section for element 

= average energy transferred per 
collision to nucleus of element k, Wy = 
average energy (erg /coulomb) spent by 
recoil of atom k in the production of an 
ion pair in the chamber gas, p = rela- 


tive density of wall to gas, and / = 
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4 ? 


nergy (Mev 


FIG. 14. Energy absorption in an ideal- 
ized tissue for a flux of 10’ neutrons cm* 


ionization of the gas in coulomb em 
The dosage, D, is obtained hy divid- 
ing the energy absorbed per unit volume 
The values of D for 
HyoOisN) exposed 


nem? is shown in Fig. 


by the density. 
an idealized tissue (C 
to a flux of 10 
14* as a function of neutron energy 

As matters stand today-——except for 
uncertainty in the value of Wy, for 
recoils of different masses and energies 

the tissue-equivalent chamber can 
be regarded as an acceptable standard 
sources of wide 


for “‘pure’’ neutron 


energy spectrum. In the presence of 
mixed sources of photons and neutrons, 
such chambers would always indicate 
the correct total energy absorption 

In health-physics laboratories, how- 
ever, the energy contributed by each 
component must be known, since it is 
assumed that the radiological effective- 
ness of neutron radiation is ten times 
that of gamma or X-radiation. A dis- 
tinction between the two requires the 
use of instruments practically insensi- 
tive to one component. By suitable 
design, Hurst Ritchie 
constructed a proportional 


and (48) have 
counter 
essentially sensitive to neutrons only. 
The counting rate of this counter, fol- 
lowing exposure to unit flux, follows 
rather closely the shape of the curve in 
Fig. 14. were 


If such an instrument 


* Courtesy of Dr. H. H. Rossi, 





compared to the tissue ionization cham- neutron radiation, a good evaluation of 
ber in ‘‘pure”’’ neutron fluxes, the rela- | the hazard could be obtained from read- 
tionship between counting rate and dose — ing both the ionization chamber and the 
rate should be fairly independent of counter. This ideal situation, however, 


neutron energy. Henceascalingfactor exists only with collimated beams be- 


would enable the observer to convert cause, unlike the ionization chamber, 
the counter reading to neutron dose. the counter has no isotropic response in 


In the presence of mixed photon and its present form. 
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KELEKET 
DOSIMETER 


Model K-Ill IM-9A/PD 


PIC-7A3 


Convenient for use by 
radiologists, lab tech- 
nicians and other per- 
sonnel working with 
X-ray or radioactive 
materials. 


cw 


Designed to afford a constant check on the ONLY 
accumulated amount of X- and gamma radia- 3 
tion exposure at any time. LONG 

Conveniently clipped in the pocket, the (Actual size) 
Dosimeter indicates incident radiation at 
any time. The accumulated radiation expo- 
sure is determined by simply pointing the in- 
strument at a light source and noting the magnified scale reading in 
milliroentgens—two-thirds the accepted weekly tolerance for X- and 
ganima rays. 

The Keleket K-111 Dosimeter measures X- and gamma rays only. 
It will not measure alpha or neutron radiations, and has only a 50% 
transmission to beta rays of 0.8 MEV energy. 





6 Outstanding Features 4 NEW HI-RANGE 


® Hermetically sealed to eliminate DOSIMETERS 
dust and moisture. NOW AVAILABLE 


® Diaphragm construction at charging RADIATION DOSE RANGE 


end eliminates dust-cap. Mode! K-14! - 5r full scole 
K-151 — 10r 


P . full ale 
® Greatly improved optical system 16) a tin coi 


with greater scale visibility. K-17) 100r full scale 


® Extremely rugged electrometer With these efficient new dosimeters, the 
system withstands abuse. observer can check, at any time, the total 

; . amount of X- or gamma radiation to which 

® Streamlined new design affords instrument has been exposed. These dosi 


more secure attachment to pocket. meters can be charged by the Keleket 
a : Model K-135 Charging Unit, same as for 
® Only 3-"s inches long. K-111, 


For Nuclear Instruments, Depend on the Best! 
THE KELLEY-KOETT INSTRUMENT COMPANY 
936-6 York Street Cincinnati 14, Ohio 


Leading Manufacturer of Instruments for the Atomic Age 
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, LUC — CIVIL DEFENSE 


N order to meet the specialized needs of Civil Defense organization, NUCLEAR 

has developed specialized instruments for civilian protection. From a pocket 
monitor to complete central-station continuous radioactivity recording systems, 
NUCLEAR instrumentation offers reliable, efficient units for Civil Defense use. 


Briefly described below are three of the most recently perfected NUCLEAR 
instruments for Civil Defense. Complete details on these and other NUCLEAR 


instruments will be furnished promptly upon request. 


nuclear “CIVION” (Model 2383) — Compact High-level Monitor 


@ SMALL — only 2° x 3° x 614" 
@ LIGHT — weighs 21 ounces 
@ WATERTIGHT — tough plastic case can be immersed in water without damage. 


@ READING RANGE from 025 6r/hr. to 500 r/ hr 

@ DETECTS gamma and strong beta radiation 

@ ONE CONTROL is “ON-OFF” switch in convenient thumb-operating position. 
@ ILLUMINATED METER for night use 

@ LONG LIFE from batteries in excess of 100 hours continuous. 

@ NO ZERO SET required except when replacing batteries. 


@ BATTERIES quickly replaceable without tools 
@ METER domped for stability, clearly marked 2° scale under magnifying lens 


window. 
@ ALL- PLASTIC ION CHAMBER for true roentgen reading within F.C. D. A. 


tolerance 


nuclear (Model 2610A) BETA-GAMMA MONITOR 


@ APPROVED by F.C.D.A. for low-level monitoring 

@ LIGHTWEIGHT—10° x 434" x 5%" . With batteries, weighs 9'/% Ibs 
@ WATERTIGHT instrument case and probe 

@ ONE-HAND operation. 

@ SHIELDED PROBE for beta and gamma discrimination 

@ PLUG-IN GEIGER TUBE requires no soldering. 

@ RANGES: 0.2, 2, 20 milliroentgens per hour full scale 

@ AUDIO and VISUAL radiation indications. 

@ RADIOACTIVE CALIBRATION SOURCE mounted on instrument 


nuclear GAMMA SURVEY METER 


(AN/PDR-T1 Type as recommended by F.C. D. A.) 

NUCLEAR Mode! 2584 is a MODERN development of the wide range, low level 

AN/PDR-T1 Meter, with these improvements : 

@ DIAL LIGHT switch more rugged, protected against turning on accidentally. 

@ CASE is all cast aluminum in two parts for more stable operation. 

@ WATERTIGHT, yet can be arranged for opening quickly without tools. 

@ PUSH-BUTTON zero check allows check without changing range setting 

@ CIRCUIT redesigned for greater simplicity, equal or better dependability, 
easier access 


RANGES : 0-5, 0-50, 0-500, 0-5,000, 0-50,000 mr./hr. 
POWER SUPPLY self-contained batteries, quickly accessible for replacement. 


nuclear INSTRUMENT & CHEMICAL CORPORATION 
235 West Erie Street +* Chicago 10, Illinois * Cable Address: Ariab, New York 
Export Department: 13 E. 40th St.. New York, N.Y. 


* Scaling Units for Every Type of Radiation Counting * Complete 

Counting Systems * Health Monitoring Instruments for Personnel Protection * Glass” 

Wall, Mica Window, and Windowless Counters * Portable Count Rate Meters 
* Radioactive Chemicals « Complete Line of Accessories for the Nuclear Laboratory — 


nuclear “PRECISION INSTRUMENTATION FOR NUCLEAR MEASUREMENTS” 





